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The Veladero Au-Ag high-sulfidation epithermal deposit is located in the El 
Indio-Pasuca belt in Argentina. Veladero is an oxidized deposit that contained reserves of 
12.2 Moz of Au and 226.2 Moz of Ag at the end of 2008. Ore is primarily hosted in 
silicified breccias. The volcanic package at Veladero is a coalescing complex of domes, 
diatremes, and hydrothermal breccia bodies, mantled by a thick apron of volcaniclastic 
deposits. These units are inferred to be of Cerro de las Tórtolas age (16.0 ± 0.2 to 14.9 ± 
0.7 Ma) at Amable in the southern part of the Veladero area, and Vacas Heladas age 
(12.7 ± 0.9 to 11.0 ± 0.2 Ma) at Filo Federico in the northern part of Veladero.  
Emplacement of hydrothermal breccia units was accompanied or shortly followed 
by multiple pulses of magmatic-hydrothermal and alternating jarosite alteration from 
about 15.4 to 8.9 Ma. Alunite and jarosite 40Ar-39Ar ages and U-Pb zircon ages of 
crosscutting dikes restrict mineralization at Amable to the period from 15.4 to 12.14  
0.11 Ma, probably commencing closer to 12.7 Ma. At Filo Federico, Au mineralization 
commenced after the beginning of alunite alteration at 11.05  0.12 Ma. The new data 
suggest that the maximum age of mineralization in the belt is slightly higher than 
previously recognized. 
The bulk of Veladero Ag is hosted in Ag-bearing jarosite in the jarosite-
argentojarosite solid solution. Some silver occurs as < 0.1 m iodargyrite and aggregates 
of <0.1 m particles with variable Ag, I, Br, Cl, Hg, Se, S, and Fe concentrations. Rare 
Ag-Fe sulfides were identified. Veladero Au exists as >800 fineness grains of native Au. 
A phase of euhedral, fracture-controlled quartz with growth zone parallel iron 
oxide inclusions has been identified at Veladero, post-dating leaching of the host rock to 
vuggy quartz and pre-dating Au mineralization. The quartz is evidence that the fluids that 
transport the precious metals are distinct from the magmatic vapors that interact with 
meteoric water to produce alteration in high-sulfidation disseminated deposits, and that at 
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 Epithermal precious metal deposits host 8% of the world’s total known gold, in 
terms of historic gold production as well as current reserves and resources (Frimmel, 
2008). The term was originally coined in reference to the shallow crustal depths at which 
these deposits occur and the role of heated fluids in deposit formation (Lindgren, 1933). 
Today, epithermal deposits are simply defined as deposits forming in subaerial settings 
from hydrothermal fluids at depths of less than 1.5 km at temperatures ranging from 
typically 150 to less than 300C (Simmons et al., 2005).  
A wide range of classification schemes has been applied to epithermal deposits 
over the last century based on ore or gangue mineralogy, alteration, or fluid chemistry. At 
present, the most widely accepted classification is based on the sulfidation state of the 
ore-bearing fluids and the resulting sulfide mineral assemblages (Simmons et al., 2005). 
The arsenopyrite (FeAsS) – loellingite (FeAs2) – pyrrhotite (Fe(1-x)S) assemblage is 
typical of low sulfidation deposits, whereas the pyrite (FeS2) – enargite (Cu3AsS4) 
assemblage is common in high-sulfidation deposits (Einaudi et al., 2003). Intermediate-
sulfidation deposits are characterized by abundant tetrahedrite ((Cu, Fe)12Sb4S13) and 
tennantite (Cu12As4S13). All three epithermal deposit types form by interaction of 
magmatic and meteoric fluids. Magmatic-hydrothermal fluids typically dominate in high-
sulfidation deposits, and meteoric fluids dominate in low-sulfidation deposits. 
Intermediate-sulfidation deposits are interpreted to be genetically related to high-
sulfidation deposits (Sillitoe and Hedenquist, 2003).  
The magmatic fluids essential to the formation of high-sulfidation epithermal 
deposits exsolve from magmas emplaced in the upper crust at 5-10 km depth in arc 
environments (Sillitoe and Hedenquist, 2003). The magmatic-hydrothermal systems 
forming these deposits are thus genetically linked to the production of arc magmas in 
subduction (Sillitoe and Hedenquist, 2003) and post-subduction (Richards, 2009) 
settings.  
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1.1  The Magmatic-Hydrothermal System 
 
In a broad sense, epithermal deposits represent the final product of a series of 
processes occurring over the entire vertical range of the arc environment, from the 
subducting slab to the meteoric water table. Because epithermal deposits are the 
shallowest hydrothermal accumulation of metals in the arc environment, they are natural 
laboratories in which to study the most evolved portion of the hydrothermal system. The 
mobilization of metals and hydrothermal fluids commences with dewatering of the 
subducting slab and the production of melts in the mantle wedge (Ringwood, 1977). Melt 
and fluid compositions are modified by melting, assimilation, storage, and 
homogenization in the lower continental crust (Hildreth and Moorbath, 1988) and by 
higher-level intracrustal assimilation and fractional crystallization processes (DePaolo, 
1981). In the upper crust, the emplacement of porphyritic stocks can exsolve fluids and 
initiate porphyry-style mineralization. A genetic connection between porphyry and high-
sulfidation mineralization has now been demonstrated at a number of localities (e.g. 
Lepanto-Far Southeast, Philippines, Hedenquist et al., 1998; Nevados de Famatina, 
Pudack et al., 2009); these environments are linked by a shared magmatic-hydrothermal 
system.  
The development of a high-sulfidation deposit is intimately related to fluid 
evolution in the underlying porphyry. Homogeneous hydrothermal fluids exsolved from 
deep to moderately deep intrusions undergo phase separation to a low salinity vapor and a 
corresponding hypersaline liquid during ascent and cooling (Hedenquist et al., 1998). The 
relatively low buoyancy of the hypersaline liquid causes it to remain at depth, where it 
generates potassic alteration in the porphyry environment (Heinrich, 2005). The low 
salinity vapor ascends to shallow crustal levels and interacts with meteoric water to 
generate the acid-type alteration characteristic of epithermal deposits (Arribas, 1995).  
Recent work (e.g. Pudack et al., 2009) suggests that the metals in high-sulfidation 
deposits are derived from a vapor-like late magmatic hydrothermal fluid (Heinrich et al., 
2004). This fluid isochemically contracts to an aqueous liquid during cooling and 
decompression without undergoing a phase change (Driesner and Heinrich, 2007). In 
order to follow this fluid evolution pathway, the vapor-like hydrothermal fluid must 
 3
ascend from greater depth than the fluid which generates alteration. According to this 
model, the altering and mineralizing fluids follow different fluid evolution pathways, 
implying that they are distinct phases generated at different times during the evolution of 
the magmatic system. In contrast, Mavrogenes et al. (2010) proposed that the metals are 
deposited at > 600C from a decompressing vapor which may not be distinct from the 
vapor that causes alteration. The present study presents a new line of evidence 
documenting the change in fluid composition between alteration and mineralization 
stages. No prior evidence has been presented from disseminated type ore bodies that 
comprise the majority of high-sulfidation deposits (White and Hedenquist, 1995). 
 
1.2 Characteristics of High-Sulfidation Epithermal Deposits 
 
High-sulfidation deposits generally occur in neutral to mildly extensional 
magmatic arc settings (Sillitoe and Hedenquist, 2003) in association with calc-alkaline 
igneous rocks (Simmons et al., 2005). However, there are documented examples of high-
sulfidation deposits in compressional tectonic settings with suppressed volcanic activity 
and limited occurrence of coeval volcanic rocks (Sillitoe and Hedenquist, 2003). High-
sulfidation deposits typically form at less than 1500 m below surface in volcanic dome, 
central vent volcano, or maar-diatreme volcanic settings (Arribas, 1995). The deeper, 
commonly porphyritic intrusions that are spatially associated with these deposits are 
inferred to serve as the feeders of maar-diatreme complexes or central-vent volcanoes, or 
as the roots of volcanic domes (Arribas, 1995). 
High-sulfidation deposits are commonly identified by their spatial association 
with zones of acid-type hydrothermal alteration. This alteration forms by condensation of 
the early magmatic vapors into groundwater at shallow depths. The acidity is generated 
by disproportionation of magmatic SO2 into H2SO4 and H2S (Arribas, 1995). The 
resultant highly acidic fluids are progressively neutralized away from the upflow zones of 
the magmatic vapors. This process results in the formation of zoned alteration halos 
comprising a vuggy (residual) quartz core that is enveloped by successive zones of 
quartz-alunite-kaolinite +/- pyrophyllite and quartz-dickite/kaolinite (advanced argillic), 
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illite and illite-smectite (argillic), and chlorite-smectite-epidote +/- carbonate (propylitic) 
alteration.  
 
1.3  The Veladero Deposit 
 
Veladero is a world-class deposit which hosted reserves of 12.2 Moz of gold (13.8 
Moz including production and reserves) and 226.2 Moz of silver at the end of 2008 
(Barrick Gold Corporation, 2008). The deposit is located near the northern end of the El 
Indio-Pascua belt. The El Indio-Pascua belt straddles the Chile-Argentina border, 
extending over 150 km from 2920’ to 3030’ S latitude, north of the El Teniente-Los 
Pelambres porphyry Cu-Mo belt and south of the Maricunga high-sulfidation Au-Ag and 
porphyry Au belt (Figure 1.1a,b).  
In addition to Veladero, the El Indio-Pascua belt hosts numerous epithermal Au, 
Au-Ag, and Au-Ag-Cu deposits and prospects including El Indio, Pascua-Lama, and 
Tambo (Bissig et al., 2002) (Table 1.1). With the exception of Pascua-Lama, these 
deposits are predominately hosted in late Oligocene to early Miocene felsic volcanic 
rocks of the Central Andean Cordillera Frontal morphostructural province (Charchaflié et 
al., 2007). The Pascua-Lama deposit is hosted by Jurassic and Paleozoic granites (Bissig 
et al., 2001; Chouinard et al., 2005). A marked decrease in volume of erupted volcanic 
rocks preceded the formation of the El Indio-Pascua belt deposits, and this decrease has 
been linked to a tectonic shift to flat slab subduction in the Central Andes (Bissig et al., 
2002).  
Hypogene alunite and sericite 40Ar-39Ar ages previously have been used to 
constrain the ages of the most significant deposits in the belt, with the exception of 
Veladero, to the period from 9.4 to 6.2 Ma (Bissig et al., 2001). In that study, two 
hypogene alunite samples from the Veladero area yielded ages of 10.9 and 10.7 Ma. 
However, textural relationships between the alunite and the ore minerals could not be 
constrained, and the relative timing of alteration and mineralization remained unresolved.  
The Veladero deposit is strongly oxidized and contains few sulfide minerals. The 
ore minerals at Veladero are fine-grained disseminated native Au, as well as Ag phases 
that have not been characterized in detail prior to this study. Although sulfide minerals 
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are largely absent, the deposit can be classified as a high-sulfidation epithermal deposit 
due to the widespread occurrence of acid-type alteration facies that are dominated by 
residual vuggy quartz, alunite, kaolinite, and jarosite. 
 
 
Figure 1.1. Location of the Veladero high-sulfidation deposit. A: El Indio-Pascua belt in 
the Andean Cordillera spanning the Chile-Argentina international border (modified from 
Bissig et al., 2001). The El Indio-Pascua belt occurs at the central portion of the Central 
Andean amagmatic flat slab subduction zone, south of the Maricunga belt and north of 
Los Pelambres-Pachon. B: Locations of significant deposits and prospects in the El Indio-
Pascua belt (modified from Bissig et al., 2001). The Veladero deposit is located near the 
northern end of the belt and is primarily hosted in Paleogene to Middle Miocene volcanic 
rocks. 
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Table 1.1. Major deposits and prospects of the El Indio-Pascua belt.  
Deposit Type Age Deposit Style Major Metals Tonnage References 
Pascua-Lama High-sulfidation 9.4-8.1 Ma Stockwork, 
disseminated 
Au, Ag, Cu, 
As 
530 t Au Bissig et al. 
(2002) 
Veladero High-sulfidation n/a Disseminated, 
breccias 
Au, Ag 430 t Au Barrick Gold 
Corporation 
(2010) 
Sancarrón High-sulfidation 7.9-7.7 Ma Breccias and 
veins 




Bissig et al. 
(2001) 
Rio del Medio Low-sulfidation 7.6 Ma Vein-hosted Au, Ag, Cu, 
Sb, As 
11 t Au Bissig et al. 
(2001) 




7.6-6.2 Ma Vein- hosted Au, Ag, Cu, 
Te, As, Bi, W 
62.5 t Au Jannas et al. 
(1990) 
Tambo High-sulfidation 8.9-8.2 Ma Breccias and 
veins 
Au, Ag, Cu, 
Pb, Te, Ba 




The deposit is located from 3950 to 4450 m above sea level and consists of two adjacent 
subhorizontal ore bodies striking north-northwest over a combined length of 
approximately 3 km (Charchaflié et al., 2007). The Veladero orebody was previously 
inferred to be hosted in intensely altered polymict breccias of the middle Miocene Cerro 
de las Tórtolas Formation, and deposit genesis has been broadly related to Miocene 
volcanism in the Andean Cordillera (Charchaflié et al., 2007). However, the relative 
timing of volcanic and hydrothermal events was not known, nor had the evolution of the 
hydrothermal system been examined. 
Veladero has been actively mined since 2005, resulting in the exposure of a 700 
m vertical section in each of the two open pits: Filo Federico in the northern portion of 
the orebody and Amable in the southern portion of the orebody. The satellite Argenta 
orebody is located roughly 5 km southeast of the main orebody; mining of Argenta 
commenced in 2011. The Fabiana prospect is located approximately 5 km east of 
Veladero, and some exploration drilling has been focused on this area. Nearly 100,000 m 
of reverse circulation and diamond core drilling have been conducted on the Veladero 
deposit itself, and about 10,000 m of diamond drill core are still available for detailed 
study. In addition, the paleosurface is preserved at high elevation above the two pits. 
These features make Veladero an ideal location in which to examine the relationships 
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between volcanic and hydrothermal activity, as well as the evolution of the hydrothermal 
fluids from depth to the paleosurface. 
 
1.4 Study Overview 
 
In this work, key aspects of the formation of high-sulfidation epithermal precious 
metal deposits formation are investigated, using the Veladero deposit as a case study. 
Several important characteristics of the Veladero deposit had not been previously studied 
in detail. The two principal goals of this study were:  
1. To identify the temporal and genetic relationships between volcanic activity 
and deposit formation, and  
2. To characterize the alteration halo and the ore body in order to elucidate the 
nature of the fluids responsible for alteration and mineralization at Veladero. 
 
Chapter 2 focuses on the temporal relationship between volcanism and 
hydrothermal activity. Chapter 3 has two main topics: the temporal relationship between 
alteration and mineralization, and the relative contributions of meteoric and magmatic 
fluids to acid-type alteration. In Chapter 4, Au and Ag mineral phases are characterized in 
detail. In Chapter 5, changes in fluid chemistry between alteration and mineralization 
stages are documented based on quartz paragenesis. The results of the present study are 
summarized in Chapter 6. Based on these results, exploration implications are discussed 
for Veladero and the El Indio belt, in addition to new insights on the genetic model for 
high-sulfidation epithermal deposit formation. 
 
1.4.1 Volcanic Stratigraphy at Veladero 
 
Previous research has shown that host rocks are generally significantly older than 
mineralization at other deposits in the El Indio-Pascua belt and that volcanism was 
essentially absent during mineralization (Bissig et al., 2001). Early work at Veladero 
suggested that mineralization occurred contemporaneously with breccia formation in a 
diatreme-maar setting, wherein the breccias represent the products of volcanic eruption 
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(Jones et al., 1999). In contrast, Charchaflié (2003) interpreted the host rocks to represent 
a dome-vent complex that is about 5 Ma older than the ore minerals. Whether 
mineralization at Veladero occurred in conjunction with volcanism, or significantly 
afterward, has major implications for processes of formation for this type of deposit. In 
Chapter 2, this temporal relationship is examined at Veladero through geochronology and 
detailed characterization of deposit-scale volcanic stratigraphy using outcrop mapping, 
bench mapping, and core logging. 
 
1.4.2 Veladero Alteration 
 
In most high-sulfidation deposits, alunite formation occurs prior to ore deposition 
(Rye, 1993). However, at the nearby El Indio, Pascua-Lama, and Tambo deposits, alunite 
occurs in pre-, syn-, and post-ore assemblages (Jannas et al., 1999; Deyell et al., 2005a, 
b). Petrographic investigations at Veladero revealed that alunite occurs within the main 
orebody but not as a gangue mineral to ore. Jarosite is a common mineral in supergene 
assemblages in high-sulfidation deposits, and at Veladero this mineral occurs in close 
association with ore minerals. Stable isotope characterization of alunite and jarosite were 
used to reveal the relative contributions of magmatic and meteoric fluids and determine 
whether these minerals are of supergene or hypogene origin. Absolute ages of alunite and 
jarosite at Veladero were determined using 40Ar-39Ar geochronology, enabling the timing 
of alteration at Veladero and the geochemical evolution of the hydrothermal fluids to be 
constrained. Stable isotope analyses and 40Ar-39Ar dating of alunite and jarosite are 
described in Chapter 3. Through the development of a paragenetic sequence relating 
alteration and mineralization, age constraints were also placed on the timing of ore 
deposition. 
 
1.4.3 Veladero Mineralization 
 
The Veladero deposit averages 1.4 g/t Au and 14 g/t Ag (Barrick Gold 
Corporation, 2011). Gold recovery averages approximately 72%, but silver recovery is 
only 6.5-9% (Roscoe Postle Associates, 2012). Silver reserves at the end of 2008 were 
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226.2 Moz, and this unrecovered silver represents roughly 7.4 billion US dollars at the 
current silver price of $33/oz. Barrick launched the “Unlock the Value” research 
initiative in 2007, soliciting proposals from the scientific community for an economically 
viable means of improving silver recovery. Although the research presented here is not 
part of that program, further study of the mineralogical characteristics of the ore at 
Veladero was merited based on the economic importance of this problem. A 
comprehensive suite of techniques is used here to thoroughly identify the mineralogy of 
Au and Ag at Veladero. Thin section reflected light microscopy, QEMSCAN automated 
mineralogy, whole rock Au and Ag assays, SEM, FESEM, EMP, quantitative XRD, and 
LA-ICP-MS were conducted on Veladero mineralized samples. The results of these 
investigations are described in Chapter 4. 
 
1.4.4 Quartz Paragenesis at Veladero 
  
The relationship between alteration fluids and ore deposition is perhaps the most 
important outstanding question in the genesis of high-sulfidation ore deposits. Ore 
deposition is thought to be a separate event from the advanced argillic alteration that 
produces residual, vuggy quartz (Arribas, 1995), but little is known about the evolution of 
fluids occurring between alteration and mineralization. Although large tonnage, 
disseminated-type systems comprise the bulk of high-sulfidation deposits (White and 
Hedenquist, 1995), the succession of events between alteration and mineralization in 
these deposits has not yet been established. Detailed study of Veladero quartz revealed 
the presence of a stage of quartz precipitation, subsequent to the acid leaching which 
produced residual quartz, and before and during deposition of metal-bearing phases. This 
quartz is evidence of changes in fluid chemistry between alteration and mineralization 
stages, as it records a transition of the hydrothermal fluids from vapor to aqueous liquid. 
In Chapter 5, the textural relationships are established between the residual quartz and the 
late quartz. Both types of quartz are characterized and compared using optical CL 









Veladero is a world-class deposit which hosted reserves of 12.2 Moz of gold and 
226.2 Moz of silver at the end of 2008 (Barrick Gold Corporation, 2008). The deposit is 
located near the northern end of the El Indio-Pascua Au-Ag-Cu belt in Argentina (Figure 
2.1). The epithermal deposit formation at Veladero is broadly related to Miocene 
volcanism in the Andean Cordillera (Charchaflié et al., 2007), but the exact temporal 
relationship between volcanic activity and mineralization was hitherto largely unresolved. 
Early work at Veladero suggested that mineralization occurred contemporaneously with 
breccia emplacement in a diatreme-maar setting, wherein the breccias represent the 
products of volcanic eruptions (Jones et al., 1999). In contrast, Charchaflié (2003) 
interpreted the host rocks to represent a dome-vent complex that is about 5 Ma older than 
the ore minerals. Whether mineralization at Veladero occurred contemporaneously with 
volcanism, or followed volcanism, has significant implications for genetic processes of 
formation for this style of deposit.  
The Veladero deposit has been actively mined in two open pits since 2005. 
Mapping of extensive new vertical exposure in the Amable and Filo Federico pits and 
logging of new drill core as carried out in the present study have enabled a more thorough 
characterization of the host rocks and provided new insights on the volcanological setting 
of the deposit. This study constitutes the first detailed, deposit-scale documentation of 
volcanic facies architecture at Veladero. 
 
2.2 Regional Stratigraphy 
 
The El Indio-Pascua belt spans the Argentina-Chile border along the crest of the 
Andean Cordillera, from 2920’ to 3030’ S latitude (Figure 2.1). The Baños del Toro 
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Figure 2.1. Location of the Veladero high-sulfidation deposit. A: El Indio-Pascua belt in 
the Andean Cordillera spanning the Chile-Argentina international border (modified from 
Bissig et al., 2001). The El Indio-Pascua belt occurs at the central portion of the Central 
Andean amagmatic flat slab subduction zone, south of the Maricunga belt and north of 
Los Pelambres-Pachon. B: Locations of significant deposits and prospects in the El Indio-
Pascua belt (modified from Bissig et al., 2001). The Veladero deposit is located near the 
northern end of the belt and is primarily hosted in Paleogene to Middle Miocene volcanic 
rocks. BdT: Baños del Toro fault; CoF: Colanguïl fault. 
 
 
reverse fault bounds the belt to the west, and the Colanguïl reverse fault bounds it to the 
east (Maksaev et al., 1984; Figure 2.1b). The belt hosts numerous zones of barren 
alteration, as well as the El Indio, Tambo, Pascua-Lama, and Veladero deposits. All of 
these deposits are generally classified as high-sulfidation epithermal deposits, although 
characteristics of the El Indio deposit span the range from high- to intermediate- 
sulfidation type. The Rio del Medio deposit, located some 1500 m north of El Indio, 
represents the most significant low-sulfidation epithermal deposit known in the area. 
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The basement to the El Indio belt is composed of the Permian to Jurassic Choiyoi 
Group in Argentina (Charchaflié et al., 2007) and the age equivalent Pastos Blancos 
Group in Chile (Bissig et al., 2001), as well as volumetrically minor Paleozoic gneisses 
and Mesozoic granitoids of the Elqui-Limari Batholith. The Choiyoi Group consists of 
felsic flows, tuffs, and volcaniclastic rocks of the Permian Guanaco-Sonso Sequence as 
well as bimodal volcanic rocks of the Los Tilos Formation. The basement package has 
been thrusted and gently folded. 
With the exception of Pascua-Lama, the epithermal deposits of the El Indio-
Pascua belt are hosted in late Oligocene to early Miocene intrusive and volcanic rocks 
which uncomformably overlie the composite basement. The Pascua-Lama deposit is 
hosted by Jurassic and Paleozoic granites (Bissig et al., 2001; Chouinard et al., 2005). 
The lithological characteristics and age relationships of the Tertiary volcanic rocks have 
been discussed in detail by Bissig et al. (2001), Litvak et al. (2007), and Winocur (2010). 
The following paragraphs are summarized with reference to a stratigraphic column and 
generalized geologic map adapted from Charchaflié et al. (2007) (Figure 2.2).  
The Valle del Cura Formation ranges from Early Eocene to Middle Oligocene in 
age (45 ± 2 to 34 ± 1 Ma; Litvak et al., 2007), comprising a 700 m thick sequence of 
rhyolitic to dacitic flows and ignimbrites as well as volcaniclastic facies which occur on 
the Argentinean side of the international border (Litvak et al., 2007). Ages for the 
remainder of the units discussed below are from Bissig et al. (2001). The Lower 
Oligocene Bocatoma intrusive unit (35.9 ± 1.2 to 30.0 ± 1.9 Ma), which crops out on the 
Chilean side of the border, consists of dioritic to granodioritic stocks. The Upper 
Oligocene to Lower Miocene Tilito Formation (25.1 ± 0.4 to 23.1 ± 0.4 Ma) consists of 
rhyolitic to dacitic ash flow tuffs, basaltic and andesitic flows, and associated 
volcaniclastic rocks that is 1200 m thick in some locations. Felsic tuffs are dominant, but 
andesitic flows also exist near Veladero. The age-equivalent Las Máquinas basalt has 
been described by Kay and Abbruzzi (1996). The Lower Miocene Escabroso Formation 
(21.9 ± 0.9 to 17.6 ± 0.5 Ma) consists of dioritic to granodioritic shallow intrusions, 
plagioclase and augite-phyric andesitic to dacitic flows, and associated volcaniclastic 
rocks. The Early Eocene to Lower Miocene units are voluminous and aerially widespread 

















chaflié (2003) and references therein. P: Pascua, L: Lama, V:
 
 Veladero,   
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occurred during the Middle Miocene, and this has been linked to a tectonic shift to 
shallow subduction in the Central Andes (Kay and Mpodozis, 2001).  
Gold and silver at Veladero have been inferred to be primarily hosted in polymict 
breccias of the Middle Miocene Cerro de las Tórtolas Formation (Charchaflié et al., 
2007), although results from the present study suggest that the deposit may be at least 
partially hosted in the slightly younger Vacas Heladas Formation.  The Cerro de las 
Tórtolas Formation (16.0 ± 0.2 to 14.9 ± 0.7 Ma) consists of andesitic and dacitic lavas, 
as well as porphyritic intrusions and volcaniclastic rocks. The intrusive equivalent to the 
Cerro de las Tórtolas Formation is the porphyritic andesitic to dacitic Infiernillo unit, 
which forms hypabyssal intrusions. The Middle Miocene Vacas Heladas Formation (12.7 
± 0.9 to 11.0 ± 0.2 Ma) consists of andesitic to dacitic ignimbritic rocks and subvolcanic 
intrusions. The Upper Miocene Pascua Formation (7.8 ± 0.3 Ma) comprises dacite dikes 
and ignimbrites. The Upper Miocene Vallecito Formation (6.1 ± 0.4 to 5.5 ± 0.1 Ma) 
consists of rhyolitic tuffs and volumetrically minor sedimentary rocks. The rhyolitic 
dome of the Middle Pliocene Cerro de Vidrio Formation (2.0 ± 0.2 Ma) comprises the 
most recent volcanic rocks in the El Indio-Pascua belt.  
Uplift of the Andean Cordillera has produced three regional subplanar pediplain 
surfaces in the El Indio-Pascua belt (Bissig et al., 2002). The topographically highest and 
oldest is the ca 17-15 Ma Frontera-Deidad surface which eroded the Escabroso 
Formation. Several hundred meters lower topographically, the ca 14-12.5 Ma Azufreras-
Torta surface eroded the Infiernillo intrusive unit and is unconformably overlain by the 
Vacas Heladas Formation. The modern valley floors largely coincide with the ca 10-6 Ma 
Los Rios surface, which eroded the Vacas Heladas Formation and is overlain by the 
Vallecito Formation. According to Bissig et al. (2002), gold deposition in the El Indio-
Pascua belt occurred approximately 200-400 meters below the Azufreras-Torta surface 







2.3 Local Structural Setting 
 
The Veladero deposit has been interpreted to be hosted in a shallow east dipping 
homoclinal sequence of volcanic and volcaniclastic rocks. These units unconformably 
overlie a fold and thrust belt, which juxtaposes the late Oligocene to early Miocene Tilito 
Formation against the Permian Guanaco-Sonso Formation (Charchaflié et al., 2007). Four 
main north-striking faults were identified in that study. The faults are not exposed, and 
their positions and geometries were inferred from stratigraphic relationships (Figure 2.2). 
 The Límite and Muñeco faults are splays of a single system, which bounds the 
Veladero deposit area to the west (Charchaflié et al., 2003). These faults display evidence 
for both normal and reverse movement. The Fabiana fault, which bounds the Veladero 
deposit area to the east, is steeply west dipping and is inferred to have a reverse sense of 
movement. The MAGSA fault crosscuts the Veladero deposit area and juxtaposes 
Guanaco-Sonso Formation rocks over Tilito Formation rocks. A series of andesitic and 
dacitic intrusions have been emplaced along this structural break. The area is mantled by 
Cerro de las Tórtolas Formation volcaniclastic rocks, and the fault has no surficial 
expression. The sense of displacement on this fault is not known. 
 Two unnamed faults at Veladero had high gold grades along their intersection line 
reported during mining (E. Lopez, pers. commun 2012). A 20 m wide, north-east striking 
subvertically dipping fault zone crosscuts the volcaniclastic units in the Filo Federico 
area in the northern portion of the Veladero deposit. A similar, 15 m wide, north-west 
striking fault zone crosscuts the same area and is orthogonal to the first structure. The 
sense of displacement is unknown on both faults. 
  
2.4 The Veladero Deposit 
 
At Veladero, fine-grained disseminated gold with variable silver concentration is 
hosted in two adjacent, 500 m thick subhorizontal ore bodies that extend from 3950 to 
4450 m above sea level. The overall strike of the ore bodies is north-northwest over a 
length of 3 km. The two main pits, Filo Federico and Amable, are currently centered on 






Figure 2.3. Plan view maps showing grade contours in the Veladero ore body. A: Gold 




Figure 2.4. North-south longitudinal section maps showing grade contours in the 






coalesce at depth between the two current pits. The planned final pit shell encompasses 
both ore bodies, and the southern wall of the Filo Federico pit is planned to intersect the 
uppermost 150 m of the Amable pit (Roscoe Postle Associates, 2012). The high point at 
4700 m elevation above the center of the two ore bodies is referred to as Cuatro Esquinas. 
Prior to open pit mining, the main Veladero area was mapped as predominately 
Cerro de las Tórtolas Formation rimmed by Tilito Formation outside the deposit 
(Charchaflié et al., 2003) (Figure 2.2). However, there is considerable overlap in the rock 
types of these units, making it difficult to conclusively identify units in the field without 
geochronological control. The volcanic stratigraphy at Veladero is extremely complex, 
and volcanic facies changes can be observed on the meter scale in many locations. With 
new exposure and diamond drill core available, more detailed mapping has recently 
become feasible. The results of that mapping are shown in Figure 2.5, which is a deposit 
scale lithological map of the Veladero area. The different volcanic facies identified 
during detailed mapping and core logging are described below. Isotopic ages of alunite 
and jarosite (Chapter 3) were obtained to place constraints on the ages of the alteration at 




Veladero volcanic stratigraphy was characterized in the field using a combination 
of bench and outcrop mapping and core logging. Particular attention was given to 
contacts and cross-cutting relationships. Individual lithologies were examined in outcrop, 
on polished slabs, and with thin sections. Breccias were characterized based on the 
following parameters: clast versus matrix support, clast composition, clast morphology, 
clast size, sorting, bedding, matrix composition, and the degree and nature of 
hydrothermal cement. The descriptive approach to breccia nomenclature was adopted 
here, although traditional sedimentological grain size distinctions are used in this study 
(see below).  
Alteration was studied in tandem with volcanic stratigraphy in order to constrain  
the temporal and genetic relationships between volcanic activity and deposit formation. 
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Figure 2.5. Map showing deposit-scale lithology; mapping compiled from this study and 
unpublished mapping by Barrick Gold Corp. Base map is an aerial photograph. Volcanic 
facies are listed by number and are described in detail in the text.  
 20
Alteration intensity was characterized in the field using a 1-5 rating scale for key 
alteration minerals including alunite, goethite, hematite, jarosite, kaolinite group 
minerals, and quartz. Field estimates were quantified using whole-rock quantitative XRD 
on splits from 21 samples from 4 benches on which a wide variety of lithologies were 
exposed. After fine crushing of the sample, a 4 gram split of material was milled for 8 
minutes with 10 g of ethanol in a vibratory McCrone micronizing mill to < 10 μm. 
Homogenization of the fine powders was accomplished in a vibratory mixer mill. 
Standard powder mounts with random orientation were obtained by filling the sample 
powders into a conventional top-loading sample holder. Step-scan XRD data were 
collected using a URD 6 (Seifert-FPM, Germany), from 5 to 80 2 at a 0.03 2 step 
width and eight seconds per step. The XRD was equipped with a diffracted-beam 
graphite monochromator, a variable divergence slit, and a Co tube. The instrument was 
operated at 40 kV and 30 mA. The raw diffraction patterns were qualitatively analyzed 
using conventional search/match procedures. Quantitative analysis was performed with 
the fundamental-parameter Rietveld programs BGMN/AutoQuan. The quantification 
method is described in detail in Monecke et al. (2001), Kleeberg and Bergmann (2002), 
and Ufer et al. (2004). 
Splits of whole rock samples representative of key lithological units in this study 
were analyzed for major oxides by XRF and major metals by ICP-OES at Actlabs, in 
Ancaster, Ontario; detection limits and data are given in Appendix B. Splits were 
analyzed for Au by fire assay with a gravimetric finish at the same laboratory. The 
detection limit was 0.03 ppm for these analyses. Blanks were <0.03 ppm, duplicates were 
within 0.08 ppm, and reference materials were within 1.2% of the certified value.  
Assay data from Barrick Gold Corporation were used to complement the 
geochemistry of the present study. Blast hole Au and Ag grades were an average over the 
depth of the 15 m hole. Data from the blast holes nearest to the bench face were used as a 
proxy for Au and Ag grade of the exposed units in this study. The distribution of 
lithologies from bench face mapping and drill core logging were correlated with the 
distribution of alteration and mineralization assemblages in cross section in order to 
clarify the genetic relationships between volcanic stratigraphy and hydrothermal 
processes. At Veladero, ALS Chemex prepared all blast hole and diamond drill core 
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samples by crushing the entire RC interval or half of the diamond drill core interval. 
Samples were dried at 60°C on site, and a 25% split was crushed to 90% -10 mesh. A 1.0 
kg split of the resulting sample was oven dried at 60°C in Mendoza and then pulverized 
to 95% -150 mesh. A 250 g pulp was riffle-split for assay. ACME Labs conducted the Au 
and Ag analyses in Santiago Chile. The Au was analyzed using fire assay fusion of a 50 g 
pulp with analysis by ICP-AAS and a lower detection limit of 0.005 ppm. The Ag was 
analyzed by ICP-AAS following the total acid digestion of a 1 g pulp, with a lower 
detection limit of 0.10 ppm Ag.  
Zircon grains from two andesitic samples were hand picked from mineral 
separates using standard techniques (Appendix A). Zircons were sorted into groups 
according to morphology and grain size. A selection was analyzed from each group by U-
Pb geochronology using CA-TIMS by conventional techniques (Appendix A) at the 
Pacific Centre for Isotopic and Geochemical Research, University of British Columbia. 
 
2.6 Breccia Nomenclature 
 
The volumetric majority of Veladero host rocks are breccias, or non-coherent 
rocks containing medium- to coarse-grained clasts. Thus far, the nomenclature applied to 
volcanic breccias has been inconsistent in the literature (Davies et al., 2008). Several 
classification schemes have been proposed, based on adaptations of traditional 
volcanological or sedimentological nomenclature to volcaniclastic rocks. For example, 
the Fisher (1961) scheme is based on particle size and processes of particle formation, 
whereas the Cas and Wright (1987) scheme is based on modes of particle formation and 
deposition. McPhie et al. (1993) focus on modes of transport and deposition. They make 
an important distinction between resedimented syn-eruptive volcaniclastic rocks, wherein 
resedimentation of primary clasts occurred contemporaneously with volcanism, and 
volcanogenic sedimentary rocks, wherein deposition was preceded by erosion, 
weathering, or reworking. Their classification also includes categories for autoclastic and 
primary pyroclastic deposits. It should be noted that in this nomenclature, a pyroclast is 
simply a particle found in a primary pyroclastic deposit, including those entrained in, as 
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well as formed by an explosive eruption. Thus a pyroclast is not necessarily primary 
magmatic material that is fragmented by explosive volcanism. 
In the McPhie et al. (1993) system, volcaniclastic rocks are further classified by a 
descriptive lithofacies term (i.e. massive or stratified), components, and grain size. 
Alteration descriptors are applied to components but are eschewed for the whole unit in 
instances where alteration crosscuts lithologic contacts. White and Houghton (2006) have 
proposed an adaptation to the McPhie et al. (1993) nomenclature, using traditional 
volcanological rather than sedimentological grain size designations. An important result 
of the White and Houghton (2006) classification scheme is that sedimentary rocks 
composed exclusively of volcanic particles are classified as sedimentary rather than 
volcaniclastic. Traditional sedimentological grain sizes are used for these rock types, 
whereas volcanological grain size designations are used for all other types.  
This dichotomy in grain size terminology presents a problem in the context of the 
Veladero deposit. At Veladero, resedimented syn-eruptive and primary pyroclastic units 
occur in close proximity to reworked units composed of volcanic particles. In some cases, 
the only difference among the units may be whether or not the particles rolled down a 
topographic gradient or were entrained in a local stream prior to consolidation. A unit 
containing angular grains with the intermediate axis > 2 mm is considered a breccia in the 
sedimentological classification scheme, but using the volcanic classification, a breccia is 
made up of particles > 64 mm. Whether or not a rock with clasts of a given grain size 
qualifies as a breccia thus depends on whether it has been reworked by sedimentary 
processes. 
Because the goal of this work is to characterize the volcanosedimentary 
architecture of the entire Veladero deposit, the use of separate size classifications for 
volcanic, volcanosedimentary, and sedimentary facies is impractical. Instead, the McPhie 
et al. (1993) nomenclature is used, with traditional sedimentological grain size 
distinctions. For example, the terms sandstone or breccia are used to describe clast-
bearing units with clasts 1/16 to 2 mm in the former case or clasts > 2 mm in the latter 
case; these terms are used in their descriptive sense and are not intended to imply 
sedimentary depositional environments. It should be noted that usage of the term breccia 
is common practice in the literature on volcanic rocks, diatremes, and magma-related 
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hydrothermally generated clastic rocks (McPhie et al., 1993; White and Houghton, 2006). 
The term conglomerate is generally eschewed even for rocks with rounded particles 
because of its implied connection to water-related processes of clast transport and 
rounding.  
As in the McPhie et al. (1993) scheme, genetic connotations are avoided in the 
facies names as much as possible, and instead purely descriptive terms are applied. 
Following the description of each facies, the inferred depositional environment and 
processes of formation are presented. It should be noted that in this study the term 
hydrothermal explosion is used to describe pyroclastic eruptions for which the energy is 
derived from a sudden phase change of water within an existing hydrothermal system. 
Although the explosive mechanism may be similar to phreatic explosions, a distinction is 
made here as the term phreatic is typically used in the context of cold external waters 
(groundwater, seawater, rain water etc.) flashing to steam by coming into contact with a 
magma (cf. Browne and Lawless, 2001). The field relationships at Veladero suggest that 
the explosive eruptions creating the breccia were spatially and temporally related to an 
active hydrothermal system. The present study, however, makes no distinction between 
hydrothermal and magmatic-hydrothermal eruptions (cf. Browne and Lawless, 2001) as it 
is not possible to reconstruct unequivocally whether a pyroclastic eruption was triggered 
by a magma or not. Only a few breccias at Veladero contain readily identifiable juvenile 
components. 
 
2.7 Major Facies 
 
Primary pyroclastic, resedimented syn-eruptive, and volcanogenic sedimentary 
facies comprise the volumetrically most significant units at Veladero. Coherent units 
containing textures from cooled lava or magma and without clasts (McPhie et al., 1993) 
are volumetrically minimal. A large proportion of the Veladero area is overlain by thick 
colluvium that is composed of fragments of altered rock. The non-coherent, clast-bearing 
units at Veladero range from stratified to non-stratified, with varying proportions of 
different clast types and shapes. Clasts of residual quartz are the most common, followed 
by feldspar-phyric clasts, intraclasts of earlier breccias, and pumice clasts.  
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Most of the non-coherent, clast-bearing units contain clasts > 2 mm and are 
classified as breccias. These units are affected by varying degrees of both syn- and post-
emplacement alteration, and many units contain clasts that were altered prior to being 
incorporated into the breccia facies. Alteration is generally manifested as replacement of 
rock flour matrix by quartz, alunite, jarosite, and iron oxides, as pervasive or semi-
pervasive replacement of clasts, as selective alteration of certain minerals within clasts or 
matrix, or as massive replacement of the rock obscuring all textures. Common alteration 
minerals included quartz, alunite, jarosite, hematite, goethite, kaolinite, and illite. It 
should be noted that kaolinite was positively identified by XRD in a limited number of 
representative samples, but the presence of the kaolinite group minerals dickite and 
halloysite cannot be ruled out without more extensive clay analysis.  
In the following sections, ten facies and their contact relationships with other 
units are described in detail. Facies names are necessarily long according to the 
nomenclature scheme applied here, and each facies is also listed by number for 
correlation to maps and logs in the following sections. The distribution of volcanic facies 
at the deposit scale is shown in Figure 2.5. Facies 1-4 comprise most of the Veladero 
area. Facies 5-7 also occur in sufficient volume to appear on the deposit scale map, but 
Facies 8-10 are volumetrically limited. Based on the facies descriptions, an interpretation 
is given for the origin of each facies. Following discussion of the individual facies at 
Veladero, alteration and mineralization are incorporated to build a comprehensive picture 
of the volcanic and hydrothermal system. 
 
2.7.1  Facies 1. Very thickly bedded, silicified-clast lithic granule breccia 
 
The primary volcanic facies in the Amable pit and the southern half of the 
Veladero area is a bedded, coarse-grained unit containing previously altered clasts 
(Figure 2.6a). This unit is weakly stratified, with normally graded beds of laterally 
uneven thickness that range from 3 to 5 meters in thickness. The top of a single bed is 
shown in Figure 2.6a. Clast intermediate axis lengths range from 0.5-4 mm, with most at 
approximately 2 mm on the intermediate axis. Most of the clasts are subrounded 
fragments of massive residual quartz containing no vugs. Clasts range in color from dark 
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brown to grey or white and have a vitreous luster. Vuggy quartz fragments comprise < 5 
% of the clast population; some of these rare clasts contain lath-like voids suggestive of 
leached feldspars. The matrix is porous rock flour. In thin section, clasts and matrix are > 
90 % quartz. The clasts are fine-grained (2-15 m) aggregates of quartz grains, and the 
matrix is a fine-grained (2-5 m) quartz groundmass with minor iron oxides, clays, and 
rutile. Quartz-alunite alteration affects the unit in some zones, and in other areas the unit 
is overprinted by a weak, pervasive goethite-hematite alteration that gives it a faint 
yellow hue in outcrop, with rare disseminated < 1 mm diameter jarosite grains. 
 Bedding generally dips eastward from 5 to 30. In benches, many contacts appear 
gradational due to obscuring of fine details by iron oxide and clay alteration, which is 
commonly most intense along contacts. During drilling, this alteration commonly resulted 
in core loss in the contact zones, meaning that few contacts were recovered. This unit is 
the dominant lithology in the southern half of the Veladero area at Amable. Several other 
breccia units steeply crosscut this unit, with sub-vertical to vertical or very irregularly 
oriented contacts. Contacts with these breccias are typically sharp, occurring over less 
than 1 cm.  
Based on the characteristics of clasts and matrix, the stratification of this unit, and 
the laterally extensive beds, a primary pyroclastic origin is inferred. This unit is 
interpreted as a lapilli tuff that incorporates previously altered clasts. The quartz-rich 
composition of this unit is a product of acid-type alteration, and the original rock was 
likely of felsic composition. The quartz matrix is interpreted as a residual phase that was 
not leached during this type of alteration. The subrounded clasts are fragments of pre-
existing wallrock or basement rock. If the clasts were unaltered lithic fragments at the 
time of deposition, the subsequent acid-type alteration would have dissolved the non-
quartz phases. Vuggy quartz would remain as a residual phase. This is seen in 5% of the 
clasts, which probably represent leached feldspar-phyric wall rock. However, most of the 
clasts consist of massive, fine-grained quartz, which requires an alternative genetic 
interpretation. Importantly, these clasts lack concentric alteration bands; their absence 
suggests that alteration preceded breccia formation. The pyroclastic event thus 




Figure 2.6. Volumetrically significant facies in Amable and Filo Federico. A: Very 
thickly bedded, silicified-clast lithic granule breccia [Facies 1]. B: Medium bedded, 
silicified-clast lithic sandstone with overprinting goethite-hematite-jarosite alteration 
[Facies 2]. C: Bench face contacts between Facies 1 (top) and Facies 2 (bottom). D: 
Massive vuggy quartz [Facies 3] in outcrop. E: Massive vuggy quartz [Facies 3].  
 
 27
2.7.2 Facies 2. Medium bedded, silicified-clast lithic sandstone 
 
 This facies consists of interbedded sandstone and mudstone. Because the 
sandstone beds are volumetrically dominant, the unit is referred to as sandstone (Figure 
2.6b). Beds are laterally continuous over distances of up to 100 m. Sandstone beds are 0.5 
to 5 m thick and consist of fine (< 1/16 mm) rock flour with sand-sized silicified clasts. 
These clasts range from 1/16 to 2 mm and comprise three modal percent of the rock. 
Mudstone beds are generally 10 to 15 cm thick and lack clasts. The bedding is normally 
graded. The clasts are subrounded and pervasively silicified, ranging from < 0.1 mm to 1 
mm on the intermediate axis. The clasts are of varying colors, from dark brown to white, 
and lack concentric alteration bands. The porous matrix, which comprises 97-99% of this 
unit, is made up of grains that are 1/16 mm or smaller. In thin section, the clasts are 
aggregates of fine-grained (2-15 m) quartz, and the matrix consists of fine-grained (2-5 
m) quartz grains.  
Bedding orientations vary in this unit, with shallow, generally eastward dips from 
0-30. In outcrop, the contacts between this unit and Facies 1 were typically conformable 
and shallowly dipping (Figure 2.6c), ranging from sharp to gradational over 1 m or less. 
In drill core, contacts were commonly not observed due to poor recovery. Similar to the 
breccia described above, quartz-alunite alteration affects this unit in some locations. A 
subsequent weak goethite-hematite overprint affects the unit on the centimeter to meter 
scale in many locations, and these zones contain rare <1 mm jarosite grains disseminated 
throughout the matrix. This unit and the granule breccia occur as a stacked series in the 
southern half of the Veladero area, from 4200-4450 m elevation in the Amable pit. The 
contacts between other shallowly dipping units may be either conformable or 
unconformable and are inferred to be depositional or erosional.  
Similar to the granule breccia unit described above, the quartz-rich composition of 
this unit is interpreted as a product of post-depositional acid-type alteration of an 
originally felsic unit. Again, the pervasively silicified clasts appear to have been 
hydrothermally altered prior to deposition. This unit is inferred to be of primary 
pyroclastic origin, and it represents the finer facies correlating to the lapilli tuff described 
above. These two units likely represent episodic surge and fall deposits resulting from 
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eruptions. Together, these units comprise the bulk of the volcaniclastic apron in the 
southern portion of the Veladero deposit area.  
 
2.7.3 Facies 3. Massive vuggy quartz 
 
 This lithology is the most volumetrically widespread in the Filo Federico area, in 
the northern half of the Veladero deposit. This rock type is a homogenous grey, with 
moderate hematite on fracture surfaces giving the unit a reddish tinge. The unit is not 
obviously stratified. It displays a massive or jigsaw-brecciated texture. Vugs comprise < 
10% by volume, even in the most vuggy zones. This rock type is pervasively silicified to 
such an extent that all other textures are obscured (Figure 2.6d, 2.6e). In thin section, 
quartz comprising this rock consists of two populations: fine-grained (2-5 m) quartz 
occurring as aggregated grains, and coarse-grained (10-100 m) euhedral quartz filling 
fractures and vugs. This unit occurs as massive bodies, with no features such as bedding 
from which orientation can be determined. 
 This massive unit is interpreted as a fine-grained felsic tuff that has experienced 
pervasive acid-type alteration. The acid leaching associated with this alteration removed 
all of the other phases initially present in this volcanic unit, leaving only residual quartz 
and vugs. Subsequent quartz precipitation infilled some void spaces. In combination with 
the low percentage of vugs, the low volume of secondary quartz in thin section suggests 
that the original rock was quite felsic and had few other phases that were leached away. 
The generally massive nature of this unit indicates that there were probably originally 
few lapilli or lithic fragments, and that the tuff was dominated by crystals and fine ash 
particles.  
 
2.7.4 Facies 4. Quartz-cemented, medium bedded, silicified-clast pebble breccia  
  
This breccia (Figure 2.7) is volumetrically significant throughout the main 
Veladero area, in both the Filo Federico and Amable pits. This breccia occurs as 0.5 to 
500 meter wide bodies with anastamosing, irregular, or pipe-like geometry (or rarely, 
with dike-like geometry), in both the Filo Federico and Amable pits, as well as at Cuatro 
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Esquinas, between Filo Federico and Amable. The unit is invariably crosscutting, with 
irregularly oriented or subvertical to vertical contacts that are sharp and can typically be 
delineated over < 1 cm. The very intense silicification and the irregular to subvertical 
geometry distinguish this unit from other rock types. This unit contains intermittent 
stratified zones. These are normally graded, laterally discontinuous beds of silicified 
mudstone that range from 1-30 cm in thickness and occur at 15 cm to 5 m intervals.  
Clasts generally range from 1 mm to 3 cm in diameter, with most clasts in the 2-5 
mm range. Rare outsized clasts up to 10 cm occur. Most of the clasts are subrounded, 
pervasively silicified lithic fragments. In some instances, clasts are angular with a jigsaw-
fit relationship. Some subrounded clasts are clearly fragments of earlier, strongly 
silicified volcaniclastic units, containing visible clast and quartz cement populations. Less 
than 5 % of the clasts are subangular fragments of vuggy quartz with visible pore space. 
Les than 1% of the clasts are angular fine-grained (< 1/16 mm) fragments with fine 
lamination. Rare clasts (<<1% of the clast population) are pervasively silicified with 
curviplanar margins. The curviplanar margins typically indicate juvenile material 
(McPhie et al., 1993), and because these make up such a low percentage of the overall 
clast population they may be “recycled juvenile clasts” assimilated from one of the wall 
rock breccia units (White and Houghton, 2006). Clasts range in color from dark brown 
and dark grey to light grey or white, and most clasts are a medium grey color.  
Overall, this rock type is matrix supported, with 50% clasts and 50% matrix. In 
some zones, the breccia verges on being clast supported, particularly in coarser zones 
where large clasts dominate. The coarse grain size suggests that porosity may have been 
higher in this unit than in the finer grained units. This facies is strongly silicified as a 
whole, and therefore the alteration descriptor has been included in the facies name as per 
the nomenclature of McPhie et al. (1993). The matrix has variable porosity, from very 
vuggy to non-porous. In thin section, clasts are fine-grained (2-15 m) aggregates of 
quartz grains. The quartz matrix consists of two populations: an aggregate of fine-grained 
(2-5 m) crystals and rare magmatic quartz phenocrysts (500 m) with characteristic 
embayed textures (Figure 3.4f), and coarse-grained (10-100 m) euhedral fracture-
controlled quartz which rims or fills fractures and vugs. In some cases, this texturally 
 30
distinct, coarser-grained quartz extends for 2-30 cm into the wall rock, infilling vugs and 
fractures.  
Low-salinity, vapor-rich fluid inclusions that are typically associated with 
advanced argillic alteration (Heinrich, 2005) dominate in the hundreds of quartz clasts 
examined from this unit (Figure 5.8a,b), as described in Chapter 5. However, one highly 
mineralized sample (18.7 g/t Au, 50 g/t Ag) of this facies from the Amable pit contains 
subangular quartz fragments (Figure 5.8c) with critical type inclusions, liquid-rich high-
salinity inclusions, and vapor-rich inclusions (Figure 5.8d). Critical type inclusions 
typically form at depths representative of the single-phase field in the H2O-NaCl system 
(e.g. Bodnar and Vityk, 1994), and the latter two inclusion types commonly form in 
porphyry systems (Reynolds and Beane, 1985). The fluid inclusions in this quartz clast 
indicate deep derivation, suggesting that some of the clasts in this breccia are fragments 
of porphyry vein quartz brought up from depth (see Chapter 5 for further discussion).  
This unit is interpreted as a hydrothermal breccia, wherein emplacement energy 
was derived from a phase change in water within a previously active hydrothermal 
system. Clasts were transported in a heated aqueous fluid in pipes crosscutting the 
stratigraphically thick volcaniclastic apron at Veladero. The breccia matrix may have 
been altered to quartz cement during or after emplacement. The pervasively silicified 
clasts are interpreted to have been hydrothermally altered prior to emplacement, similar 
to those in the clast-bearing tuff units. The vuggy quartz clasts may have been altered 
prior to, or during the time of emplacement of this unit. Moderate rounding can occur in 
clasts transported less than 170 vertical meters (Sillitoe, 1985), and the clasts in this unit 
need not have been transported from great depth to achieve their subrounded 
morphology. The trace clasts with curviplanar margins are interpreted as either rip-up 
clasts of a fine-grained unit that were wet when dismembered, or as juvenile clasts of 
magmatic material that were plucked from earlier units. The unit also contains clasts of 
vein quartz from a porphyritic intrusion at depth.  
The rare stratified zones are shallowly dipping and likely represent episodic in-
pipe surge and fall, wherein the fine particles settle slowly after a surge event, or gas 
transport and deposition of fine particles. Similar stratification has been observed in  
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Figure 2.7. Quartz-cemented, medium bedded, silicified-clast pebble breccia [Facies 4]. 
A: Amable pit face (grey) with crosscutting Facies 1 and 2 (tan). B: Filo Federico 4425 m 
elevation, Facies 4 crosscutting Facies 3. C: Closeup of Filo Federico 4425 m elevation 
contact between Facies 3 and 4. D: Amable drill core containing clast of earlier breccia in 
Facies 4. E: Filo Federico 4430 m elevation, stratification in Facies 4. E: Amable drill 
core showing stratification in Facies 4. 
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hydrothermal breccias at Rodalquilar, Spain, and interpreted as an in-pipe detrital texture 
(Arribas, 1992). The fine-grained clasts may represent ripped up wall rock fragments, or 
ripped up fragments of the in-pipe stratification. The jigsaw-fit zones represent 
rebrecciation of this unit with little vertical displacement (Sillitoe, 1985), and these 
fragmented textures are commonly formed in explosive eruptions that produce 
hydrothermal breccias (Cooke and Davies, 2006).  
 
2.8 Minor Facies  
 
 The facies described in the following sections are volumetrically minor at 
Veladero, but they provide insight into the processes active during host rock deposition 
and hydrothermal activity. 
 
2.8.1 Facies 5. Coherent to brecciated feldspar porphyry 
 
Volumetrically minor feldspar porphyry intrusions (Figure 2.8) from 10 cm to 
tens of meters in width occur throughout the Veladero area. These units occur as pipe or 
dike-shaped bodies which crosscut other units with sharp contacts. The feldspar porphyry 
is light yellow to red-brown in color and contains 35% 2 mm long feldspars in a fine-
grained groundmass. Where the porphyry is brecciated, clasts are angular to subangular 
and range from 2 to 10 mm in diameter. The clast population consists almost entirely of 
feldspar porphyry, with some subtle compositional variations indicated by color, feldspar 
grain size, feldspar modal abundance, and clast angularity. Other clast types in these 
breccias comprise <5% of the total clast population. The non-feldspar porphyry clasts are 
generally subrounded to rounded and commonly silicified. The clasts have been entrained 
by subsequent generations of feldspar porphyry. The feldspar porphyry is locally altered 
to clays and quartz [Facies 5a], and feldspar phenocrysts may be replaced by clays and 
alunite. In other instances, this unit is fairly fresh with only minor destruction of feldspars 
[Facies 5b]. A sample of this unit plots in the andesite field near the andesite-dacite 
boundary on a TAS diagram based on whole rock geochemical results (62.95 wt % SiO2; 
Na2O + K2O = 2.23 wt %) (Appendix B, sample EHV-012). 
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The angular clast morphology and the presence of 1-10 cm thick zones of clasts 
with curviplanar margins suggest mechanical or fluid batch fracturing. The polymict 
feldspar porphyry clast breccias may be produced from a melt at depth, when 
overpressurized fluids ascending along a structure cause mechanical fracturing of wall 
rock and older porphyry generations. The rare non-feldspar porphyry clasts are 
interpreted to be assimilated wall rock. 
Zircons were separated from a strongly altered and locally brecciated shallow 
intrusion [Facies 5a; EHV-118] and a fairly fresh, coherent dike [Facies 5b; EHV-012]. 
All of the zircon grains were prismatic with high aspect ratios. Pitting, zoning, or altered 
rims were not observed. The results of U-Pb analyses are presented in Table 2.1. All 
errors are quoted at the 2σ (95%) confidence level. Data are presented as Wetherill 
Concordia diagrams in Figure 2.9. The altered sample gave a 206Pb/238U age of 16.38 ± 
0.06 Ma based on six concordant zircons. The unaltered dike contained both concordant 
and discordant grains. Two concordant grains 206Pb/238U ages of 32.77 ± 0.26 Ma and 
33.28 ± 0.39 Ma respectively. These zircons were likely inherited from the Bocatoma 
intrusive unit at depth (35.9 ± 1.2 to 30.0 ± 1.9 Ma; Bissig et al., 2001). The youngest 
concordant zircon gave a 206Pb/238U age of 12.14 ± 0.11 Ma, which is interpreted as the 
maximum age of the dike. These dates are used to help constrain the emplacement of 
volcanic units (this chapter) and the ages of mineralization and alteration (Chapter 3). 
 
 
Table 2.1. U-Pb isotopic ages of zircons from Facies 5. 
 
Sample 207Pb/ 206Pb ± 207Pb/ 235U ± 206Pb/238U ± 
  184.38 380.00 17.69 3.05 16.49 0.19 
EHV-118 -282.60 560.75 14.51 3.30 16.36 0.19 
EHV-118 136.43 261.69 17.24 2.03 16.40 0.15 
EHV-118 72.86 185.64 16.74 1.38 16.36 0.09 
EHV-118 12.85 741.80 16.23 5.21 16.25 0.27 
EHV-118 -11.96 391.23 16.22 2.69 16.41 0.13 
EHV-012 66.45 31.28 49.18 0.70 48.83 0.19 
EHV-012 312.82 34.19 115.07 1.78 105.73 0.32 
EHV-012 -5.26 530.67 32.27 7.16 32.77 0.26 




Figure 2.8. Feldspar porphyry intrusions [Facies 5]. A: Altered feldspar porphyry in 
Amable drill core. B: Unaltered feldspar porphyry dike at Amable 4265 m elevation. C: 
Unaltered feldspar porphyry dike in bench face at Amable 4265 m elevation. 
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Figure 2.9: Plots showing zircon U-Pb CA-TIMS ages of A: Altered feldspar porphyry 
and B:  Unaltered feldspar porphyry. 
 
 
2.8.2 Facies 6. Massive, monomict feldspar-phyric clast breccia 
 
 This facies is a monomict, non-stratified breccia containing 0.1-3 cm diameter 
feldspar-phyric clasts (Figure 2.10a). This breccia occurs in lobate bodies in the middle to 
lower elevations in the Amable pit, near the southern margins of the Veladero deposit. 
Contacts can be delineated over < 0.5 m and are irregular with no consistent orientation. 
The breccia is matrix supported, with roughly 40% clasts and 60% matrix. Clasts are 
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dominantly intensely altered andesite. Most of the clasts are approximately 2 mm long on 
the intermediate axis. Most of the clasts are subangular, although a minor population of 
subrounded clasts exists. Clasts are altered to clays and quartz, and thin section 
microscopy and quantitative XRD indicate that the feldspars have been entirely replaced 
by illite. The matrix is also strongly altered to clays, chlorite, and finely crystalline quartz 
in most occurrences. The matrix contains 1 mm wide calcite veinlets and 2-3% 
disseminated 1-2 mm pyrite grains. 
This breccia is interpreted as a pyroclastic unit, containing clasts which are likely 
Escabroso Formation based on regional correlation of rock types. This unit occurs as 
lobes of propylitic-altered rock within a package of felsic rocks affected by advanced 
argillic alteration, and it can easily be identified in the field by its purple and green 
colors. These two types of alteration probably occurred contemporaneously with and after 
emplacement. The differences in alteration style may reflect host rock control on 
chemistry. The felsic units contain potassium phases necessary for the precipitation of 
alunite and kaolinite group minerals, and the units of intermediate composition contain 
iron, magnesium, and calcium critical to the formation of chlorite and calcite. Since 
outcrops of this unit are so rare, it is not possible to project its geometry into three 
dimensions. It is unclear whether this breccia was emplaced contemporaneously with the 
felsic tuffs described above, or whether it is a syn-Escabroso volcaniclastic unit that was 
eroded and then mantled by later felsic tuffs. 
 
2.8.3 Facies 7. Medium bedded, polymict feldspar-phyric clast breccia  
 
 This unit is a polymict, stratified breccia, containing 0.25-3 cm diameter 
clasts (Figure 2.10b). Stratification is present as 1-15 cm thick, laterally discontinuous 
bands of fine-grained (<1/16 mm) mudstone-sized particles, occurring on 0.5-5 m 
intervals. Strong hematite and kaolinite group mineral alteration obscures contacts in 
outcrop and causes major core loss at contacts in drill core, and contact geometry could 
not be determined. This breccia occurs in small volumes in several locations at low 
elevations in the Amable pit, at the southern margins of the Veladero deposit. Roughly 
5% of the clasts are subrounded and pervasively silicified. The other clasts are subangular 
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Figure 2.10. Minor Veladero Facies 6-9. A: Propylitic-altered massive, monomict 
feldspar-phyric clast breccia [Facies 6]. B: Hematite-kaolinite altered, medium bedded, 
polymict feldspar-phyric clast breccia [Facies 7]. C: Goethite-hematite altered, stratified, 
polymict, mudstone clast-bearing breccia [Facies 8]. D: Goethite-hematite altered, 
weakly stratified, thickly bedded, polymict, matrix supported breccia [Facies 9]. 
 
 
and consist entirely of white clays. Some clasts have spotted textures and are interpreted 
to be clay-altered feldspar-phyric rock. The rock contains 50% clasts and 50% matrix and 
is marginally matrix supported. The matrix is made up of friable clays which have 
weathered to a deep purple color. 
This breccia is interpreted as a pyroclastic unit, which contains mostly andesitic 
lithic fragments and minor silicified lithic fragments. Fragments of Escabroso Formation 
andesitic wall rock were likely entrained and ejected during explosive eruption. Minor 
volumes of silicified rock were also brought up from depth, similar to the other Amable 
units described above. The fine-grained intervals represent fallback of fine ash between 
eruptive pulses. The clay-rich composition of this unit may be a product of alteration at 
the margins of the advanced argillic alteration halo. Based on the polymict nature of this 
breccia and the presence of silicified clasts, this unit is not a syn-Escabroso volcaniclastic 
rock, but is contemporaneous with the other Amable tuffs described above.  
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2.8.4 Facies 8. Stratified, polymict, mudstone clast-bearing breccia 
 
 This unit is a stratified, polymict breccia that contains a significantly greater 
proportion of mudstone clasts than the other units (Figure 2.10c). The breccia is also 
stratified, with intervals of finely laminated mudstone that are up to 5 m thick at irregular 
intervals > 20 m. This breccia occurs at shallow depths below the pre-mining surface in 
the Amable area. Contacts are irregular and obscured by alteration. Approximately 40% 
of the clasts in this unit are 1-8 mm in diameter, subrounded to subangular, pervasively 
silicified lithic fragments. Vuggy quartz clasts are rare, comprising about 5% of the clast 
population. These clasts are subrounded and range from 1-8 mm in diameter. The other 
clasts are angular, 2 mm to 5 cm clasts of finely laminated mudstone. The breccia is 
matrix supported and contains 40% matrix and 60% clasts. The matrix is intensely 
goethite-hematite-altered.  
 This unit is interpreted as a volcanogenic sedimentary deposit formed by 
reworking of earlier breccias. The thick mudstone beds may either represent ash tuff 
deposits or lacustrine deposits formed in a maar setting. The mudstone fragments are 
likely rip-up clasts that represent fluvial reworking of the mudstone beds.  
 
2.8.5 Facies 9. Crudely stratified, thickly bedded, polymict, matrix supported 
breccia 
 
 This unit contains multiple clast types and is recognizable by the high percentage 
of matrix and crude stratification in thick beds (Figure 2.10d). Poorly developed normal 
grading occurs in 2-15 m thick beds. This unit occurs at shallow depths in the Amable pit, 
interleaved with Facies 1 and 2. Contacts are typically sharp, at irregular orientations. In 
this unit, 60% of the clasts are pervasively silicified lithic fragments. These clasts are 
subrounded and range from 2 to 5 mm in diameter. Less than 40% of the clasts are 
fragments of feldspar-phyric rock, with feldspars either leached away or replaced by 
clays. The feldspar-phyric clasts are subrounded and range from 1 to 1.5 cm along the 
intermediate axis. Some exposures of this unit contain trace clasts of angular 1 cm 
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diameter mudstone. This unit contains 70% matrix and is matrix supported. The matrix is 
commonly strongly affected by goethite and hematite alteration. 
 This breccia is interpreted as a resedimented, syn-eruptive unit which is the 
product of episodic mass flow. The weak normal grading and thick beds are produced by 
gravity-driven mass flow in the volcaniclastic apron. The feldspar-phyric clasts and 
pervasively silicified clasts are pyroclastic lithic fragments. The rare mudstone clasts are 
fragments of earlier lithified or semi-lithified ash or lacustrine deposits that were ripped 
up by the mass flow. The pervasively silicified clasts may have been hydrothermally 
altered prior to eruption, but the bulk of the unit was likely altered after emplacement. 
 
2.8.6 Facies 10. Non-stratified, matrix-supported, polymict cobble breccia 
 
 In the Amable pit, there are two outcrops of this rock type. In one exposure, this 
unit crosscuts the quartz-cemented, medium bedded, silicified-clast pebble breccia 
[Facies 4]. In the second exposure in Amable, this unit crosscuts the very thickly bedded, 
silicified-clast lithic granule breccia [Facies 1]. In both cases, contacts are subvertical, 
and this breccia body has a carrot-shaped geometry. This is a matrix-supported breccia 
with clasts up to 25 cm in diameter (Figure 2.11). There are four clast types, each of 
which comprises about 25% of the total clast population. The first clast type consists of 
subangular, 5-15 cm diameter fragments of coherent feldspar-phyric rock. The feldspars 
in these clasts have been altered to clays, and the matrix is friable and deep purple in 
color. The second clast type consists of subangular, 5-8 cm diameter fragments of 
pumice. The third clast type consists of subrounded fragments of a strongly silicified 
breccia. Silicified clasts and quartz cement textures are visible within these fragments. 
The fourth clast type consists of fragments of an earlier breccia which is stratified and 
contains granule-sized, pervasively silicified clasts. The matrix of the larger breccia unit 
is a rock flour strongly affected by kaolinite group mineral and iron oxide alteration. The 
unit contains about 60% matrix and is poorly sorted.  
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Figure 2.11. Non-stratified, matrix-supported, polymict cobble breccia [Facies 10]. A: 
Amable 4265 m elevation bench face. B: Amable 4420 m elevation bench face. C: 
Amable 4435 m elevation bench face. D: Clasts and matrix in (C). E: Feldspar-phyric 
andesitic [Facies 5] clasts in (C). F: Quartz-cemented [Facies 4] clasts in (C).  
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Breccias of this type are inferred to be diatreme pipes generated by 
phreatomagmatic eruption. The carrot-shaped geometry, coarse, poorly sorted clast 
population, the high percentage of matrix and the heterolithologic nature of the clasts are 
classic characteristics of a diatreme (Sillitoe, 1985). The breccia contains rafted clasts of 
wall rock, including the very thickly bedded, silicified-clast lithic granule breccia [Facies 
1] and the quartz-cemented, medium bedded, silicified-clast pebble breccia [Facies 4]. 
The feldspar-phyric fragments are interpreted as clasts of basement or wall rock which 
are likely of Escabroso Formation age. The pumice fragments are presented as evidence 
of a juvenile magmatic component to the eruptions. Similar flattened juvenile clasts have 
been observed in diatremes at Cripple Creek, Colorado (Sillitoe, 1985). The subrounded 
morphology of some of the clasts is suggestive of milling in the pipe. The diatreme 
crosscuts the very thickly bedded, silicified-clast lithic granule breccia and the quartz-
cemented, medium bedded, silicified-clast pebble breccia and incorporates clasts of those 
units, which confirms that the diatreme eruptions occurred after the deposition of the 




The distribution of alteration facies was mapped at the deposit-scale (Figure 
2.12). Five distinct alteration facies, defined by specific alteration mineral associations, 
were mapped. Alteration facies include 1) chlorite-epidote, 2) quartz-illite, 3) quartz-
alunite, 4) quartz-kaolinite-sulfur, and 5) silicic (formed by silicification). Alteration 
facies were mapped in in-situ rocks as well as colluvium, which is strongly altered at 
Veladero. The two pits at Veladero are centered on separate loci of silicification. The Filo 
Federico pit is characterized by a silicic core that is partially enveloped by quartz-alunite 
+/- jarosite and barite alteration (Laidlaw, 2005) to the east, south and west, and by 
quartz-illite alteration to the north. Chlorite-epidote alteration is dominant distal to the pit 
(Laidlaw, 2005). The Amable pit displays a similar sequence of concentric alteration 
zones, although the silicic core is relatively small and the outer zones are much more 
laterally extensive. In each pit, these alteration facies are locally overlain by a horizon of 
quartz-kaolinite-sulfur alteration that is presumably of steam-heated origin.  
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Figure 2.12. Map of deposit-scale distribution of alteration facies at Veladero.  
 
 
Alteration mineralogy was determined using quantitative XRD analyses of a 
selected set of samples from the most volumetrically abundant facies at Veladero 
(Appendix C). The most quartz-rich units at Veladero are the quartz-cemented, medium 
bedded, silicified-clast pebble breccia [Facies 4], which is interpreted as a hydrothermal 
breccia, and the Filo Federico massive vuggy quartz unit [Facies 3], interpreted as a felsic 
crystal tuff. Samples from the inferred hydrothermal breccia range from 48.7 to 99.5 wt 
% quartz, with the remainder consisting of alunite, jarosite, barite, and, goethite, 
hematite, and rutile. A sample from the inferred crystal tuff unit contains 96.8 wt % 
quartz. Samples from the two volumetrically major breccias in the Amable area [Facies 1 
and 2], which were interpreted as stratified tuffs, contain silicified clasts but as a whole 
are lower in quartz content, which ranges from 42.8 to 63.8 wt % when not in close 
proximity to the hydrothermal breccia. In some cases, silicification extends from the 
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inferred hydrothermal breccia into the stratified wall rock, which has a quartz content up 
to 89.0 wt %.  
Alunite alteration is most significant in the two dominant Amable units [Facies 1 
and 2], which are interpreted as stratified tuffs. Alunite content in these samples ranges 
from 1.0 to 39.1 wt %. These units contain up to 21.7 wt % jarosite. Chlorite and pyrite 




 The distributions of deposit-scale Au and Ag grades are shown in Figure 2.3 and 
Figure 2.4. At the deposit scale at 4200 m elevation, the ore occurs in the two adjacent 
ore bodies Filo Federico and Amable. The ore bodies coalesce at depth. Sections and plan 
view maps from the mine show that the ore occurs within and at the contacts between 
brecciated units. It should be noted that mapped units in the mine database do not 
necessarily correlate with the lithologies mapped in the present study. Historical reports 
indicate that the distribution of Au and Ag are strongly correlated in the Amable pit and 
only moderately correlated in the Filo Federico pit (Laidlaw, 2004). 
In individual benches and drill cores, both Au and Ag grades are highest in the 
quartz-cemented, medium-bedded, silicified-clast pebble breccia [Facies 4] (Figures 2.13, 
2.14, 2.15). Gold and silver are concentrated in, but not spatially restricted to these 
breccia bodies. Mineralization also extends into the host rock to the crosscutting breccia 
bodies [dominantly Facies 1-3]. Note however that not all outcrops of Facies 4 are highly 
mineralized. Figure 2.13 is a drawing of the 4145 m elevation bench face in the Amable 
pit projected to a vertical section, correlating blast hole Au and Ag assays with bench 
face lithology. Figure 2.14 shows a series of core logs from Filo Federico and Amable. In 
all three drill cores, Au values are highest in Facies 4, with lesser but significant Au in 
adjacent units in Amable and Filo Federico [Facies 1-3]. Figure 2.15a shows Au grade of 
samples from each facies. Detectable Au occurs in all rock types but is clearly at highest 
concentration in the quartz-cemented, medium bedded, silicified-clast pebble breccia 
[Facies 4]. Whole-rock geochemistry of samples collected directly from the units mapped 




      
 
Figure 2.13. Amable 4145 bench lithology and bench face blast hole Au and Ag grade.  
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Figure 2.14. Drill core logs from Filo Federico and Amable. The logs also show the 
distribution of Au grade. 
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precluding high-grade mineralization at lower elevations in the hydrothermal breccia 
pipes. At Tambo, El Indio, and Pascua-Lama, mineralization was strongly controlled by 
elevation and hydrologic perturbations during pediment incision (Bissig et al., 2002), and 
similar processes may have controlled ore precipitation at Veladero.  
 
2.11 Genetic Model of Volcanic Setting and Deposit Formation 
 
The Veladero area is interpreted as a coalescing complex of volcanic domes, 
diatremes, and other discordant breccia bodies mantled by a stratigraphically thick apron 
of volcaniclastic deposits. The lithological relationships are illustrated schematically in 
Figure 2.16. The basement to the ore deposit is inferred to consist of volcanic and 
volcaniclastic rocks. Numerous discordant bodies cross-cut the coherent volcanic units 
and the volcaniclastic apron, including shallow feldspar-phyric intrusions and discordant 
breccia bodies formed by hydrothermal explosions and phreatomagmatic eruptions.  
Conceptually, a scenario is envisioned wherein older feldspar porphyry intrusions 
at depth were genetically related to, and spatially linked to the overlying polymict facies 
[Facies 1-3, 6-9]. The feldspar porphyry units would represent feeder dikes in the lower 
levels of the system. A magmatic fluid front from the magma at depth may have 
generated the necessary space and initiated brecciation with little contribution of juvenile 
magmatic material. An eruption ensued, breaching the surface and generating fall-back 
deposits.  
The hydrothermal breccia bodies [Facies 4] crosscut this entire package, 
incorporating clasts of basement and wall rock. The altering and mineralizing fluids at 
Veladero either accompanied the emplacement of these hydrothermal breccia bodies, or 
the fluids took advantage of the same structures and relatively high permeability of 
Facies 4 after emplacement. Later feldspar porphyry dikes of andesitic composition 
[Facies 5] crosscut the hydrothermal breccia [Facies 4]. Phreatomagmatic deposits 
[Facies 10] crosscut the tuffs and hydrothermal breccia pipes, incorporating clasts of 
basement, juvenile material, stratified tuff, and fragments of hydrothermal breccia.  
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Figure 2.16. Schematic cross section showing volcanic facies relationships at Veladero. 
  
 
In combination with previously published dates for Cenozoic volcanic rocks in 
the Veladero area (Bissig et al., 2001 and references therein), new alunite and jarosite Ar-
Ar dates (Chapter 3) help place constraints on the timing of these events. (See Chapter 3 
for a complete discussion of sampling and dating techniques and rationale). 
The following sequence of events is proposed for the Veladero area: 
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1. Deposition of coherent andesite flows and monomict feldspar-phyric clast 
breccias [Facies 6] of Escabroso age (21.9 ± 0.9 Ma - 17.6 ± 0.5 Ma; dates from Bissig et 
al., 2001 and references therein). 
 
2. Porphyry-style alteration at depth, at some point prior to the emplacement of the 
Amable hydrothermal breccias. Pervasive silicification of basement rock in an early 
epithermal event. The only age constraint on the silicification is that it occurred prior to 
the eruption of Cerro de las Tórtolas Formation volcaniclastic rocks. 
 
3. Injection of domes and shallow porphyritic intrusions of Infiernillo age [Facies 5], 
and deposition of pyroclastic and resedimented syn-eruptive facies [Facies 1, 2, 3?, 7, 9] 
of the Cerro de las Tórtolas Formation (16.0 ± 0.2 to 14.9 ± 0.7 Ma). These units make 
up the bulk of the volcanosedimentary package at Veladero. The coherent to brecciated 
feldspar porphyry with a U-Pb zircon age of 16.38 ± 0.06 Ma (this study) is interpreted as 
a shallow intrusion [Facies 5a]. The porphyry is inferred to be part of the Infiernillo 
intrusive unit, and this isotopic age slightly extends the age of this unit on the older side 
within a reasonable range.  
 
4. Sedimentary reworking of the volcaniclastic apron of the Veladero package 
[Facies 8] was ongoing during and after deposition of Cerro de las Tórtolas Formation. 
 
5. Emplacement of hydrothermal breccia pipes [Facies 4] in Amable in the southern 
portion of the Veladero area. These pipes are inferred to be of early Vacas Heladas age 
(12.7 ± 0.9 to 11.0 ± 0.2 Ma; Bissig et al., 2001). In the Amable area, acid-type alteration 
of the entire volcanosedimentary package commenced at approximately 12.7 Ma 
(Chapter 3). The alteration occurred syn- to slightly post-injection of the hydrothermal 
breccia pipes, and the alteration slightly preceded mineralization.  
 
6. Emplacement of an unmineralized and unaltered feldspar porphyry dike of 
andesitic composition [Facies 5b] in Amable (12.14 ± 0.11 Ma; this study) marks the end 
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of significant acid-type alteration and mineralization in the Amable area. This unit also 
crosscuts the major stratified units in Amable [Facies 1, 2], clearly indicating that 
emplacement of those units had ceased by this time. 
 
7. Late, volumetrically minimal diatreme activity [Facies 10] in Amable post-dates 
emplacement, alteration, and mineralization of the hydrothermal breccia pipes, but the 
timing of emplacement relative to the andesite dikes is not known. 
 
8. Deposition of massive, felsic crystal tuffs in the Filo Federico area [Facies 3]. 
This unit may have been emplaced with Cerro de las Tórtolas Formation volcaniclastic 
rocks, but unlike the tuff units in the Amable area this facies is massive and contains no 
lithic fragments. The tuffs are probably of Vacas Heladas age, similar to other reported 
dacitic crystal tuffs of that formation (12.7 ± 0.9 to 11.0 ± 0.2 Ma; Bissig et al., 2001). 
 
9.  Emplacement of hydrothermal breccia pipes [Facies 4] in Filo Federico, in the 
northern portion of the Veladero area. These pipes are inferred to be of late Vacas 
Heladas age (12.7 ± 0.9 to 11.0 ± 0.2 Ma; Bissig et al., 2001). In the Filo Federico area, 
acid-type alteration commenced at 11.05 ± 0.12 Ma and continued until at least 10.34 ± 
0.11 Ma (Chapter 3). Alteration of the volcanosedimentary package occurred syn- to 
slightly post-injection of the hydrothermal breccia pipes, and the alteration slightly 
preceded mineralization. 
 
2.12  Discussion  
 
Based on the volcanic setting and isotopic ages, the Veladero epithermal system 
appears to have been active during a period of episodic volcanism. In the Amable area, 
hydrothermal breccia pipes related to the epithermal system were emplaced after the 
deposition of felsic pyroclastic breccias. Diatreme-style phreatomagmatic eruptions of 
minor volume followed shortly after the hydrothermal breccia emplacement at Amable. 
Diatreme activity has been proposed as a means of focusing fluid flow for subsequent 
hydrothermal events at other epithermal deposits (Davies et al., 2008), but at Veladero 
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the post-diatreme hydrothermal activity was focused at Filo Federico rather than at 
Amable. In the Filo Federico area, emplacement of the hydrothermal breccias occurred 
syn- to post-deposition of a large volume of felsic tuff. Both early interpretations of 
Veladero stratigraphy were correct: diatreme-maar and dome-vent complexes make up 
the Veladero area. However, ore deposition was not a direct result of diatreme 
emplacement. In contrast, alteration at the Tambo deposit commenced around 11 Ma but 
the deposit is hosted in significantly older rocks of the Escabroso and Tilito Formations 
(Deyell et al., 2005b).  
Prior to the epithermal event(s) which produced the ore body at Veladero, at least 
two alteration events occurred at depth. An early, potentially epithermal-style alteration is 
represented by the presence of previously silicified clasts in less altered pyroclastic units 
of Cerro de las Tórtolas age. The fluid inclusions preserved in these clasts are vapor-rich 
and are thus interpreted to represent the fluids responsible for advanced argillic alteration. 
These clasts are evidence of an early and potentially barren epithermal event at Veladero 
that may have been contemporaneous with and genetically linked to the porphyry system. 
Fragments of vein quartz have been observed in the hydrothermal breccia, containing 
fluid inclusions of the type produced during potassic and sericitic alteration at 
mineralized porphyry deposits. The vein quartz is presented as evidence for a buried 
porphyry system affected by alteration below the Veladero epithermal deposit. Both types 
of earlier alteration may be genetically linked to the subsequent volcanic and ore-forming 
epithermal activity at Veladero. At the nearby Pascua-Lama deposit, there is an electrical 
self-potential anomaly that has been interpreted as evidence for a nearby buried porphyry 
body (Chouinard et al., 2005), although a genetic relationship to gold mineralization has 
not been confirmed. The porphyry has not been detected by geophysical investigation at 
Veladero, but it presents a potential target for future studies. 
Epithermal alteration and mineralization occurred over a protracted time interval 
at Veladero, from at least 12.7 to 10.34 Ma and possibly commencing as early as 15.4 Ma 
(Chapter 3). All of the hydrothermal breccias [Facies 4] are most likely of Vacas Heladas 
age. These breccias are interpreted as the products of multiple pulses of hydrothermal 
activity at the two centers Amable and Filo Federico. The early pipes were emplaced at 
Amable, whereas the later pipes were emplaced at Filo Federico. Although mineralization 
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essentially occurred contemporaneously with aerially restricted volcanism in the 
Veladero area as a whole, post-mineral volcanic rocks are volumetrically minor at 
Amable and essentially absent at Filo Federico. The hydrothermal activity occurred 
during the waning period of the volcanic system at each relatively localized center. The 
low salinity vapor that produced advanced argillic alteration was likely exsolved from 
shallow intrusions that were emplaced during the waning of the volcanic system. As 
proposed for epithermal systems in general (Williams-Jones and Heinrich, 2005), most of 
the subsequently deposited metals at Amable and Filo Federico were probably derived 
from higher density fluids exsolved from a deeper, cooling magma body.  
The MAGSA fault, which affects the basement units in the Veladero area, may 
have exerted structural control on the loci of volcanic and hydrothermal events. The early 
emplacement of volcanic units and hydrothermal alteration along the fault in the Amable 
area may have diminished the structurally-induced permeability at this center. Later 
activity was then focused at Filo Federico. The north-east and north-west striking, 
subvertical fault zones that crosscut the volcaniclastic units in the Filo Federico pit were 
probably active during the hydrothermal episodes based on the observed high Au grades. 
These structures likely acted as conduits for the mineralizing fluids, which resulted in the 
high gold grades observed by mining personnel at the intersection of the two structures. 
Minor high angle faults, now either obscured or represented by lithological contacts, may 
have localized the hydrothermal and diatreme pipes (e.g. Sillitoe, 1985 and references 
therein) at the Amable and Filo Federico centers. 
In a classic high-sulfidation epithermal deposit, acidic hydrothermal fluids 
interact with wall rock to produce the characteristic acid-type alteration zonation: a vuggy 
(residual) quartz core, enveloped by successive zones of quartz-alunite-kaolinite +/- 
pyrophyllite, quartz-dickite/kaolinite, illite, illite-smectite, and chlorite-smectite-epidote 
+/- carbonate (propylitic) alteration. The intensity of alteration at Veladero reflects the 
original host rock chemistry, the proximity to alteration fluids, and porosity and 
permeability of the host rock.  
The hydrothermal breccia pipes were probably highly porous and provided an 
efficient conduit for ascending hydrothermal fluids. The intense silicification observed in 
the Filo Federico massive vuggy quartz unit (originally a felsic crystal tuff) may be 
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explained by the felsic composition of the original rock in conjunction with inferred high 
porosity and permeability. Intense alunite alteration occurs in units adjacent to the 
hydrothermal breccias, which reflects host rock buffering of the alteration fluids outward 
from the silicified core. Kaolinite group alteration is most intense in the tuffaceous units 
in the Amable area, probably due to an original felsic content and presence of potassium-
bearing minerals. Despite the proximity of the andesitic and andesite clast-rich units to 
the core of the hydrothermal system, the andesitic units are propylitic-altered. This is 
interpreted to reflect original host rock chemistry. At Veladero, the classic high-
sulfidation alteration affected a heterogeneous host rock package and is thus more 
complex than would be expected for a deposit with homogenous host rock chemistry and 




 The dominant volcanic rock types in Amable, the southern portion of the 
Veladero deposit, are bedded breccia [Facies 1] and sandstone [Facies 2] units containing 
pervasively silicified lithic fragments. The Filo Federico area, which comprises the 
northern portion of the Veladero deposit, is dominated by felsic crystal tuff [Facies 3]. 
These three units are interpreted as altered pyroclastic deposits, originally representing 
the products of eruptions of Cerro de las Tórtolas age at Amable, and Vacas Heladas age 
at Filo Federico. Volumetrically minor units include coherent to weakly brecciated 
feldspar porphyry, inferred to be shallow intrusions, and several types of polymict 
breccia. Clast types in the polymict breccias include pumice, coherent andesite, vuggy 
feldspar porphyry, vuggy quartz, mudstone, and highly silicified fragments of earlier 
breccia. These various units are interpreted as pyroclastic tuffs, resedimented syn-
eruptive mass flow deposits, fluvially reworked volcanogenic sedimentary rocks, and 
phreatomagmatic diatreme facies. The host rock package to the Veladero epithermal 
system is interpreted as a coalescing complex of diatremes and domes and other 
discordant breccias, mantled by a thick apron of volcaniclastic deposits. 
 A quartz-cemented, weakly bedded breccia [Facies 4] containing silicified clasts 
occurs in pipe-shaped, dike-shaped, and irregular bodies with multiple apophyses. These 
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bodies crosscut the pyroclastic, resedimented syn-eruptive, and volcanogenic sedimentary 
units. This crosscutting unit is interpreted as a hydrothermal breccia of Vacas Heladas 
age. The hydrothermal breccias were either accompanied by altering and mineralizing 
fluids at the time of emplacement, or served as conduits for these epithermal fluids 
shortly after breccia emplacement. Advanced argillic alteration of the wall rock 
accompanied hydrothermal activity, resulting in the alteration of the entire 
volcanosedimentary package to a quartz-dominated composition ± alunite, jarosite, and 
kaolinite group minerals. 
 Most of the breccias at Veladero contain pervasively silicified clasts lacking 
concentric alteration, and we present these clasts as evidence of an earlier alteration event 
at depth. Rare clasts contain fluid inclusions indicating that the quartz has been exposed 
to the same fluids that produce potassic and sericitic alteration. These latter clasts are 
viewed as indicators of a potentially mineralized porphyry system at depth, which may be 
a genetic precursor to the epithermal system at Veladero. The epithermal system was 
active during a period of episodic volcanism. Hydrothermal activity was characterized by 
pulses of breccia emplacement, alteration, and mineralization from roughly 12.7 to 12.14 
Ma in the Amable area, and from 11.05 to 10.34 Ma in the Filo Federico area. Post-
mineral volcanic rocks are volumetrically minor at each center, suggesting that 




CHAPTER 3  
ALUNITE AND JAROSITE  





Veladero is a world-class high-sulfidation epithermal deposit in the Central 
Andean Cordillera Frontal of Argentina. Veladero lies near the northern end of the El 
Indio-Pascua Au-Ag-Cu belt, which extends over 150 km from 2920’ to 3030’ S 
latitude along the Argentina-Chile border (Figure 3.1). In addition to Veladero, the belt 
hosts the economic El Indio, Pascua-Lama, and Tambo deposits, as well as numerous 
prospects and zones of barren hydrothermal alteration (Bissig et al., 2002). Recognition 
of alteration haloes in satellite imagery prompted the initial exploration of the region by 
Argentinean federal geologists in the late 1980’s. Argentina Gold discovered Veladero in 
1995 (Laidlaw, 2004), and the deposit has been in production by Barrick since 2005. 
Veladero reserves were 12.2 Moz of gold and 226.2 Moz of silver at the end of 2008 
(Barrick Gold Corporation, 2008).  
Alunite [KAl3(SO4)2(OH)6] and jarosite [KFe3(SO4)2(OH)6] are key alteration 
minerals in high-sulfidation epithermal deposits in general and at Veladero in particular. 
The acid-type alteration halos that characterize high-sulfidation epithermal deposits are 
thought to be produced by acidic condensates of low-salinity magmatic vapor (Rye, 
1993). In contrast, ore deposition may represent the subsequent ascent of moderately 
saline, less acidic, metal-bearing liquids (Heinrich et al., 2004; Pudack et al., 2009). In 
most deposits, alunite alteration occurs prior to ore emplacement (Rye, 1993). However, 
at El Indio, Pascua-Lama, and Tambo, alunite occurs in pre-, syn-, and post-ore 
assemblages, and as a gangue mineral to ore (Jannas et al., 1999; Deyell et al., 2005a,b). 
Alunite also has been identified at older, barren alteration systems in the belt ranging 
from Early Oligocene to Middle Miocene age (Bissig et al., 2002).  
Jarosite is known to form in steam-heated and supergene environments with 
alunite (Rye and Alpers, 1997). At Pascua-Lama and Tambo, disseminated and vein- 
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Figure 3.1. Location of the Veladero high-sulfidation deposit. A: El Indio-Pascua belt in 
the Andean Cordillera spanning the Chile-Argentina international border (modified from 
Bissig et al., 2001). The El Indio-Pascua belt occurs at the central portion of the Central 
Andean amagmatic flat slab subduction zone, south of the Maricunga belt and north of 
Los Pelambres-Pachon. B: Significant deposits and prospects in the El Indio-Pascua belt 
(modified from Bissig et al., 2001). The Veladero deposit is located near the northern end 
of the belt and is primarily hosted in Paleogene to Middle Miocene volcanic rocks. 
 
 
hosted jarosite post-date the ore stages (Deyell et al., 2005a,b). However, at Pascua Lama 
jarosite is also crosscut by mineralized stockwork veins, which Chouinard et al. (2005) 
interpret as evidence of either hypogene jarosite, or intermittent precipitation of 
supergene jarosite between pulses of hypogene activity. At the El Indio deposit, minor 
jarosite occurs in association with altered rocks containing kaolinite, alunite, sericite, and 
quartz, but the alteration paragenesis has not constrained (Jannas et al., 1999). Prior to 
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this study, only supergene jarosite has been documented by stable isotope studies in the 
El Indio-Pascua belt. 
Hypogene alunite 40Ar-39Ar ages have been previously used to determine the ages 
of all significant deposits in the belt, with the exception of Veladero, to the period from 
9.5 to 6.2 Ma (Bissig et al., 2001). Two hypogene alunite samples were dated from the 
Veladero area, yielding ages of 10.9 and 10.7 Ma (Bissig et al., 2001). However, the 
textural relationship of the samples to Veladero mineralization was not constrained. At 
Veladero, alunite occurs as a component of the acid-type alteration halo outside the main 
Filo Federico and Amable pits, as well as in close spatial association with Au and Ag 
mineralization within the pits. However, unlike at Tambo, El Indio, and Pascua-Lama, 
alunite does not occur as a gangue mineral to ore at Veladero. Jarosite is a gangue 
mineral to Au and Ag ore in veinlets and vugs in silicified breccias in both pits at 
Veladero.  
The purpose of this study is to constrain the timing of alteration and 
mineralization at Veladero. Alunite and jarosite 40Ar-39Ar ages are used to constrain the 
absolute timing of alteration events, and textural relationships between alteration and ore 
minerals enable conclusions to be drawn on the timing of mineralization. Stable isotope 
and crystal chemistry studies are employed to identify different generations of the 
alteration minerals and identify environments of formation for each type of alunite and 
jarosite. 
 
3.2 Geology of the El Indio-Pascua Belt  
 
The El Indio-Pascua belt is situated in the middle of the Central Andean flat-slab 
subduction region, along the crest of the Andean Cordillera (Figure 3.1a). The Maricunga 
porphyry-epithermal Au-Ag belt (24-20 Ma and 14-13 Ma alteration ages) lies on the 
northern margin of the flat-slab segment (Vila and Sillitoe, 1991). The Los Pelambres-
Pachon (11.2 to 11.1 Ma: Bertens et al., 2003; 10.8 to 10.4 Ma: Mathur et al., 2001), Rio 
Blanco-Los Bronces (6.3-4.3 Ma; Deckart et al., 2005), and El Teniente (5.9-4.4 Ma; 
Cannell et al., 2005) Cu-Mo belts lie at the southern margin of the flat-slab segment. The 
NNE striking El Indio-Pascua belt is bounded by the steeply dipping Baños del Toro 
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reverse fault to the west, and the steeply dipping Colanguïl reverse fault to the east 
(Figure 3.1b) (Charchaflié et al., 2007). The composite basement to the belt is made up of 
minor Paleozoic gneisses and the Permian to Jurassic volcanic, plutonic, and sedimentary 
units of the Chilean Pastos Blancos group (Bissig et al., 2001) and its Argentinean 
equivalent, the Choiyoi Group (Charchaflié et al., 2007). These units consist of felsic 
tuffs, flows, and volcaniclastic rocks of the Permian Guanaco-Sonso Sequence, as well as 
the granitoids of the Permian to Lower Triassic Chollay and Elqui-Limari Batholiths. The 
Mesozoic granitoids of the Colorado intrusive complex and the bimodal lava flows and 
volcaniclastic rocks of the Triassic Los Tilos Formation are also part of the basement, all 
of which is thrusted and gently folded (Bissig et al., 2001).  
Deposits in the El Indio-Pascua belt are predominately hosted in a thick package 
(up to 1500 m) of Lower Oligocene to Upper Miocene volcanic and intrusive rocks 
unconformably overlying and intruding the basement. The lithological characteristics and 
age relationships of the Tertiary volcanic rocks have been discussed in detail by Bissig et 
al. (2001), Litvak et al. (2007), and Winocur (2010). The Valle del Cura Formation is a 
700 m thick sequence of dacitic ignimbrites, rhyolitic flows, and volcaniclastic rocks, 
ranging from Early Eocene to Middle Oligocene in age (45-34 Ma; Litvak et al., 2007). 
The Lower Oligocene Bocatoma intrusive unit consists of 1.5 km diameter dioritic to 
granodioritic stocks (35.9-30 Ma). The Upper Oligocene to Lower Miocene Tilito 
Formation consists of basaltic and andesitic flows, ash flow tuffs of rhyolitic to dacitic 
composition, as well as volcaniclastic rocks of corresponding compositions (25.1-23.1 
Ma). Felsic rocks dominate in most locations, but andesitic flows are also present near 
Veladero. The Lower Miocene Escabroso Group (21.9-17.6 Ma) consists of andesitic 
flows, volcaniclastic rocks, and shallow intrusions of dioritic to granodioritic 
compositions.  
The Veladero deposit is predominately hosted in the Miocene Cerro de las 
Tórtolas Formation (16.0-14.9 Ma), which is composed of andesitic to dacitic lavas and 
related porphyritic intrusions, as well as volcaniclastic rocks (Figure 3.2). The intrusive 
equivalent to the Cerro de las Tórtolas Formation is the porphyritic andesitic to dacitic 
Infiernillo unit, which forms domes and intrusions. The Middle Miocene Vacas Heladas 
Formation (12.7-11.0 Ma) predominately consists of andesitic to dacitic subvolcanic and 
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ignimbritic rocks, which host some of the ore at Veladero. The Upper Miocene Pascua 
Formation (7.8-7.6 Ma) consists of dacite dikes and ignimbrites, whereas the slightly 
younger Vallecito Formation (6.1-5.5 Ma) is composed of major rhyolitic tuffs and minor 
sedimentary rocks. The most recent volcanic rocks in the area are rhyolitic domes of the 
Middle Pliocene Cerro de Vidrio Formation (2.1 Ma). 
Several regional erosional surfaces exist in the El Indio-Pascua belt, representing 
Miocene uplift of the Andean Cordillera (Bissig et al., 2002). The c. 17-15 Ma Frontera-
Deidad surface is the oldest and topographically highest, eroding the Escabroso 
Formation and unconformably overlain by the Cerro de las Tórtolas Formation. The c. 
14-12.5 Ma Azufreras-Torta surface is several hundred meters lower, eroding the 
Infiernillo intrusive unit and unconformably overlain by the Vacas Heladas Formation. 
The c. 10-6 Ma Los Rios surface forms the present valley floors, eroding the Vacas 
Heladas Formation and overlain by the Vallecito Formation. Bissig et al. (2002) have 
proposed that gold deposition in the El Indio-Pascua belt occurred 200-300 m below the 
Azufreras-Torta surface and was strongly influenced by changes in the paleowater table 
due to erosion of the Los Ríos Pediment valleys. 
 
3.3 The Veladero Deposit 
 
At Veladero, fine-grained disseminated gold and silver are hosted in a 
subhorizontal ore body with elongate axis trending north-northwest over a length of 3 
km, from 3950 to 4400 m above sea level (Charchaflié et al., 2007). The two main pits, 
Filo Federico and Amable, mark the northern and southern termini of the ore body, 
respectively. The ore body is hosted by Miocene coherent volcanic and volcaniclastic 
rocks of the Cerro de las Tórtolas and Vacas Heladas Formations, which unconformably 
overlie deformed and structurally interleaved late Oligocene and Permian rocks of the 
Tilito and Guanaco Sonso Formations (Charchaflié et al., 2007). The host rocks of the 
Veladero deposit are interpreted to represent a coalescing complex of volcanic domes, 
diatremes, and other crosscutting breccia bodies, mantled by a stratigraphically thick 





Gold at Veladero occurs as 5-15 m particles of native Au disseminated in vugs 
and on fracture surfaces in silicified volcaniclastic rocks. The silicification occurs as 
oscillatory zoned, euhedral quartz that is free of fluid and mineral inclusions. Later 
jarosite commonly encapsulates Au grains. Gold is typically >800 fineness based on 
EMP analyses. Silver is predominately in argentian jarosite that fills vugs and on fracture 
surfaces (Chapter 4). Silver also occurs as iodargyrite [AgI] and trace acanthite [Ag2S]. 
 
3.3.2 Deposit-Scale Alteration 
 
The two pits at Veladero are centered on separate loci of silicification (Figure 
3.3). The northern Filo Federico pit is characterized by a silicic core; a quartz-alunite 
alteration facies partially envelops this core to the east, south, and west (Laidlaw, 2005). 
A quartz-illite alteration facies envelops the silicic zone to the north. Jarosite is 
widespread and pervasive in mineralized zones within the silicified core and quartz-
alunite zones, but sulfides are rare. A propylitic alteration facies occurs distal to the pit 
(Laidlaw, 2005). The southern Amable pit displays a similar sequence of concentric 
alteration zones, although the silicic core is relatively small and the outer zones are much 
more extensive laterally. In section, alteration zones are roughly tabular.  
In each pit, these tabular zones are overlain by a several hundred meter thick 
horizon of quartz-kaolinite-sulfur alteration, interpreted to be of steam-heated origin 
(Chapter 2). These steam-heated “blankets” are interpreted to have formed above the 
paleowater table, from acidic groundwater generated by the oxidation of hydrothermally 
derived H2S (Rye et al., 1992). In the Filo Federico pit, a 15 m wide fault zone crosscuts 
the silicified and steam-heated zones with the same mineralogy as the steam-heated 
blanket. Alteration associated with this subvertical, northeast-striking structure likely 
represents a later episode of structurally focused steam heating above a paleowater table 
that was significantly lower than that of the earlier mineralization stage. Alunite 
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Figure 3.3. Distribution of alteration facies at Veladero. Locations are shown for Ar-Ar 





Alunite and jarosite samples were collected from each alteration center, including 
Amable, Filo Federico, and Fabiana (Table 3.1), in addition to alunite and native sulfur 
samples from Argenta. Barite samples were also obtained from silicic zones in the 
Amable and Filo Federico pits. A single sericite sample was collected from the Fabiana 
area during unpublished mapping by Barrick Gold Corporation. Detailed analytical 
procedures are given in Appendix A. Sample locations and types of analyses are given in 
Appendix D. The context and characteristics of each sample were determined using a 
combination of pit mapping and thin section petrography. Alunite, jarosite, and barite 
were hand-picked from whole-rock samples under a binocular microscope. Semi-
quantitative XRD analyses were conducted on slurry mounts as a quality test to ensure 
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sufficient purity of the samples. These hand-picked separates were used for 
geochronological and stable isotope studies. Stable isotope samples were separated using 
the methods of Wasserman et al. (1992). 
The mineralogy of the alteration phases was characterized by combined SEM, 
CL, and EMP analyses of thin sections and grain mounts (for analytical details see 
Appendix A). Alunite and jarosite 40Ar-39Ar ages were obtained to constrain the timing of 
alteration. Samples were irradiated at the USGS TRIGA reactor in Denver (Dalrymple et 
al., 1981), and analyses were conducted at the USGS 40Ar-39Ar laboratory by CO2 laser 
step heating (Cosca et al., 2011). Stable isotope analyses were conducted on samples of 
alunite, jarosite, barite, and native sulfur in order to identify environments of formation 
(for analytical details see Appendix A). Deuterium, sulfur, and total oxygen isotopes 
were analyzed in untreated sample splits. Analyses of δ18OSO4 were conducted on BaSO4 
precipitates. Two samples from the Amable pit contained both alunite and jarosite. The 
alunite and jarosite were chemically separated by dissolution, filtration, and 
reprecipitation as BaSO4 for δ
18OSO4 analysis. The δ
18OOH values in alunite and jarosite 
were determined by subtraction. 
 
3.5 Field Observations and Petrography: Quartz-Alunite Alteration Zones 
 
At Veladero, quartz-alunite alteration is characterized by residual and fracture-
filling quartz, alunite +/- barite, rutile, woodhouseite, and svanbergite. This alteration 
occurs in zones ranging from the centimeter to 100 meter scale. These zones are 
extensive in the exposed bench faces at both pits and at the Argenta prospect, and in 
aerially restricted zones at the Fabiana prospect. Quartz occurs as relict magmatic 
phenocrysts remaining after acid leaching of the host rock by early hydrothermal fluids, 
as finely crystalline to coarsely crystalline, texturally destructive replacement of earlier 
phases, and as euhedral, zoned, fracture-controlled infill of open space. Alunite in these 
alteration zones is generally euhedral, of varying grain size from 10 μm to several cm in 
length, and of varying morphology including lath shaped, tabular, and cube-shaped 
crystals that are referred to as “pseudocubic” in the literature (e.g. Rye et al., 1992). 
Alunite also occurs as coarsely crystalline cross cutting veinlets, finely crystalline 
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porcelanous crosscutting veinlets, fine grained felted aggregates replacing feldspars, and 
as varying grain size crystals infilling vugs and fractures (Figures 3.4, 3.5).  
Some alunite aggregates contain late coatings of Fe-oxides (Figure 3.5b), and in 
some samples blebs of Fe-oxides and native Pb fill the interstices between alunite laths 
(Figure 3.5e). No systematic tests were undertaken to rule out whether the Pb was derived 
from contamination during thin section preparation, which could be the case based on the 
occurrence of the grains in interstitial space between other minerals. Rutile occurs as 1 to 
5 μm diameter large disseminated grains or aggregates in fine grained anhedral quartz in 
quartz-alunite zones. Textural relationships suggest that fine-grained quartz and rutile are 
residual phases, followed by alunite, and later by the APS minerals woodhouseite and 
svanbergite (Figure 3.5e, f).  
 
3.6 Field Observations and Petrography: Jarosite Alteration Zones 
 
The Veladero deposit has a very low sulfide content, and jarosite alteration is 
pervasive. Jarosite alteration extends throughout the vertical extent of the deposit, 
overprinting or crosscutting the silicic core of the deposit as well as the quartz-alunite 
zones. Particularly in the Amable pit, jarosite overprinting of the quartz-alunite alteration 
is ubiquitous, and the interstices between alunite laths are infilled with later jarosite 
(Figure 3.5a,c,d). Jarosite occurs with varying quantities of barite, hematite and goethite; 
the latter two minerals were identified by XRD (Chapter 2). The Fe-oxides occur as 
overgrowths on quartz and alunite grains (Figure 3.5a,b), and possibly as replacements of 
precursor sulfides. Barite occurs in vugs and fractures, and in some instances as an 
overgrowth on jarosite, as well as on quartz and rutile (Figure 3.5f). Textural 
relationships suggest that barite formed during to after formation of jarosite. Jarosite 
typically occurs as chains of 25 to 100 m large euhedral to subhedral crystals filling 
open space. All jarosites from the Amable and Filo Federico pits occur as veinlets and 
disseminations in vugs and fractures (Figure 3.4a,e). Most jarosite from the two pits 




Figure 3.4. Photomicrographs of Veladero alunite and jarosite. A: Amable jarosite 
encapsulating Au in vuggy quartz, PPL. B: Coarsely crystalline alunite in vuggy quartz 
from Filo Federico, CPL. C: Finely crystalline, porcelanous alunite veinlet crosscutting 
fine grained quartz from Filo Federico, CPL. D: Pseudocubic and tabular alunite in vuggy 
quartz from Argenta, CPL. E: Zoned jarosite in Amable vuggy quartz, CPL. F: Jarosite 




Figure 3.5. BSE images of Veladero alunite and jarosite. A: Amable early alunite with 
later jarosite filling vugs; late Fe-oxides occur along fractures and grain boundaries. B: 
Filo Federico alunite with late Fe-oxides; darker patches in alunite represent a complex 
Na, K, Fe, and Al zoning pattern. C: Amable alunite, with later jarosite filling the 
interstices. D: High-contrast BSE of image C showing zoning in jarosite. E: Filo Federico 
alunite and APS minerals with late Pb. F: Barite occurs as an overgrowth on jarosite and 




Jarosite alteration at the Fabiana prospect is distinctly different from that in the 
main pits at Veladero, essentially occurring by jarositization of Vacas Heladas dacitic 
ignimbrite (Figure 3.4f). The Fabiana assemblage consists of jarosite +/- natrojarosite and 
an unknown phosphate mineral that is of too low abundance to be detected by whole-rock 
XRD. Jarosite occurs as 20 to 500 μm long bladed crystals, replacing biotite and 
feldspars in Vacas Heladas dacite. The jarosite also occurs as an overgrowth on magmatic 
quartz phenocrysts and fully replaces the former matrix, which may have been volcanic 
glass.  
 
3.7 Relative Timing of Alteration Minerals 
 
The temporal relationships among the principal alteration minerals are illustrated 
by Figure 3.5. Rutile occurs as a residual phase with quartz. Alunite alteration preceded 
and post-dated vuggy quartz formation. Jarosite clearly post-dates alunite. The other APS 
minerals formed contemporaneously with magmatic-hydrothermal alunite alteration. 
Multiple pulses of barite formation occurred, and in some cases jarosite was encapsulated 
by barite. Late iron oxides occupy vugs and voids. The textural relationship between Au 
and jarosite is illustrated by Figure 3.4a, which shows a gold grain from Amable 
encapsulated by jarosite in a vug. In the Amable and Filo Federico pits, jarosite alteration 
occurred during or after gold mineralization. 
 
3.8 Alteration Mineral Chemistry 
 
Alunite is one of about forty minerals in the alunite supergroup (Jambor, 1999), 
the individual species with the general formula (DG3)(TO4)2(OH,H2O)6. Large cations 
with coordination numbers  9 occupy the D-site. The octahedral G-site is typically 
occupied by trivalent Fe or Al, or divalent Pb, Zn, or Mg. The tetrahedral T-site is most 
commonly occupied by S, As, P, or a combination thereof. Alunite, natroalunite 
[NaAl3(SO4)2(OH)6], and jarosite [KFe3(SO4)2(OH)6] are the most common alunite 
supergroup APS minerals in the epithermal environment, although other species and 
complex solid solutions do occur (Dill, 2001). Sodium substitution towards the 
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natroalunite end member [NaAl3(SO4)2(OH)6] is favored at higher temperatures 
(Stoffregen and Cygan, 1990). In the Mankayan porphyry-epithermal district, 
Philippines, alunite Na content inferred from SWIR peak position has been positively 
correlated with proximity to the intrusive center (Chang et al., 2011). In the El Indio-
Pascua belt, the presence of sodic alunites at the El Indio deposit at least partially reflects 
control by host rock composition rather than temperature (Deyell and Dipple, 2005).  
Oscillatory growth zoning of alunite on the 1 to 10 μm scale is clearly visible in 
BSE images (Figure 3.6a,b) and by CL microscopy (Figure 3.6c). EMP analyses 
(Appendix E) indicate that these zones are commonly typified by 10% variations in the 
Na content per formula unit. In some samples at Veladero, Na variations are inversely 
correlated with 1 to 5% variations in Fe apfu (Figure 3.6c). There is some variation in 
total Na content, particularly between alunite samples from the Amable pit (Figure 3.7), 
which may reflect differences in formation temperatures (Stoffregen and Cygan, 1990) or 
composition of the host rocks (Deyell and Dipple, 2005).  
Other APS minerals of the alunite, beudantite, and crandallite groups (Jambor, 
1999) are intergrown with alunite in some samples. These include woodhouseite 
[CaAl3[(P2S)O4]2(OH)6] and svanbergite [SrAl3[(P2S)O4]2(OH)6], both of which are 
members of the beudantite group wherein one of the two alunite SO4 groups is replaced 
by AsO4 or, as in this case, PO4. At Veladero, the beudantite minerals occur as a solid 
solution with the alunite group mineral huangite [CaAl6[SO4]4(OH)12] and end-member 
alunite. The beudantite minerals also occur as anhedral patches in the interstices between 
euhedral end-member alunite laths and as overgrowths on the alunite laths (APS, Figure 
3.5e).  
Jarosite does not show a CL in the visible part of the spectrum, and zoning could 
not be characterized using this technique. Most jarosite at Veladero plots close to the 
jarosite end member (Figure 3.7), with very little Na or Al. The low Na contents are 
consistent with low temperatures of formation (Stoffregen and Cygan, 1990). Growth 
zones are characterized by trace variations in As, Pb, Ca, Ba, and Mg. One jarosite 
sample (EHV-066) from the Filo Federico pit contains up to 0.19 apfu As and 0.28 apfu 




Figure 3.6. Zoning in alunite supergroup minerals from Veladero. EMP spot locations are numbered to correspond with element plots. 
A: Late Amable jarosite showing strong negative correlations between K and Pb; As and Pb covary, BSE. B: Fabiana jarosite and APS 
minerals; APS minerals are As and P rich relative to the weakly zoned jarosite matrix, BSE. C: Argenta alunite showing significant Na 
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3.9 Sulfate Mineral Stable Isotopes 
 
The chemistry of alunite and jarosite enables the measurement of δD, δ18OSO4, 
δ18OOH, and δ
34S. Systematic variations in these isotopic values occur depending on 
origin, temperature, and processes of formation (Rye et al., 1992). Rye et al. (1992) 
proposed four distinct environments of alunite formation, distinguishable by stable 
isotope systematics and in some cases by hand specimen texture: magmatic-
hydrothermal, magmatic-steam, steam-heated, and supergene. Alunite from the 
magmatic-hydrothermal, magmatic-steam, and steam-heated environments has been 
identified in stable isotope studies at the 18 Moz Pascua-Lama deposit 10 km from 
Veladero, and Tambo, at the southern end of the El Indio-Pascua belt (Deyell et al., 
2005a, b). Magmatic-steam jarosite is rare but has been documented at Mount Rainier, 
USA (John et al., 2008). No known examples of magmatic-hydrothermal jarosite exist. 
Jarosite precipitation requires more acidic conditions and higher [Fe3+] activity than 
alunite precipitation (Stoffregen, 1993); Rye and Alpers (1997) suggest that these 
conditions are not easily achieved in rock-buffered hydrothermal fluids. 
Expected ranges of δD, δ18OSO4, δ
18OOH, and δ
34S values have been established 
for the different environments of alunite and jarosite formation and are summarized here 
from Rye et al. (1992) and Rye and Alpers (1997). In the magmatic-hydrothermal 
environment, sulfates are assumed to derive their sulfur from the disproportionation of 
magmatic SO2. The δ
34S values of alunite are typically significantly more positive than 
those of pyrite in textural equilibrium with the alunite, based on the equilibrium between 
H2S and SO2. Higher δ
34S values are representative of less oxidized systems. Alunite δD 
values are similar to values for magmatic water. Typical alunite δ18OSO4 values are 8 to 
18 ‰. In the magmatic-steam environment, δ34S values are close to the value for bulk 
magmatic sulfur in the system, and δD and δ18OSO4  are similar to magmatic values. In the 
steam-heated environment, alunite and jarosite will have δ34S values close to H2S or 
sulfides. Steam-heated alunite δD values will be similar to meteoric water, and jarosite 
δD values will be approximately 60 ‰ lower based on the stronger negative deuterium 
fractionation between jarosite and water. The δ18OSO4 and δ
18OOH values of steam-heated 
alunite and jarosite may reflect partial exchange between wall rock and meteoric water. 
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In the supergene environment, alunite and jarosite δ34S values are similar to precursor 
sulfides, and δD values are representative of meteoric water. Characteristic supergene 
alunite and jarosite δ18OOH values are greater than δ
18OSO4 values. 
 
3.9.1 Stable Isotope Results 
 
Stable isotope analyses were conducted for δD, δ18OSO4, δ
18OOH, and δ
34S in 
alunite and jarosite. Analyses were also conducted for δ18OSO4 and δ
34S in barite and δ34S 
in native sulfur. Textural descriptions are given in Table 3.1, and stable isotope data are 
given in Table 3.2. Relative error and precision are given in Appendix A. The δ34S values 
are standardized to the Vienna Canyon Diablo Troilite (VCDT), and δD, δ18OSO4, and 
δ18OOH values are standardized to Vienna Standard Mean Ocean Water (VSMOW).  
Alunite δ34S values range from 5.90 to 17.51 ‰. Values are nearly identical for 
the finely crystalline sample from Filo Federico (Figure 3.4c), the pseudocubic sample 
from Argenta (Figure 3.4d), and the finely crystalline sample from Fabiana. The coarsely 
crystalline sample from Filo Federico (Figure 3.4b) signature is slightly elevated at 17.51 
‰. The lowest value (5.90 ‰) is a sample of finely crystalline alunite from Amable, 
which was chemically extracted from a mixed bulk sample of alunite and jarosite (Figure 
3.5a). 
Jarosite δ34S values from Filo Federico and Amable range from -3.81 to 2.07 ‰, 
with no consistent difference between coarsely crystalline zoned jarosite (Figure 3.4e) 
and finer grained, weakly zoned or unzoned jarosite (Figure 3.5a,c,d). The only positive 
value among these samples comes from unzoned jarosite from Amable, which was 
chemically extracted from a mixed bulk sample of alunite and jarosite (Figure 3.5a). The 
Fabiana jarosite (Figure 3.4f) has a strongly elevated δ34S value of 8.22 ‰. Barite δ34S 
values cluster near 30 ‰, and the single native sulfur value is -0.32 ‰.  
Alunite oxygen isotopes from Filo Federico, Amable, Argenta, and Fabiana have 
δ18OSO4 values ranging from 2.00 to 9.00 ‰ and δ
18OOH values from 4.00 to 10.73 ‰. 
The pseudocubic alunite from Argenta and the finely crystalline alunite from Filo 
Federico have nearly identical δ18OSO4 and δ
18OOH values. The δ
18OSO4 signatures for the 
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finely crystalline alunite from Fabiana and the coarsely crystalline alunite from Filo 
Federico are very similar to one another, as are the δ18OOH signatures.  
Jarosite oxygen isotope values from Filo Federico and Amable are slightly lower 
than the alunite values. The jarosite δ18OSO4 values range from -4.00 to 0.68 ‰, and 
δ18OOH values are from -10.33 to -1.77 ‰. Only one sample of weakly zoned fine-
grained jarosite shows strong oxygen fractionation between hydroxyl and sulfate groups, 
and there is no obvious textural difference from the other two weakly zoned jarosite 
samples. Oxygen isotopes from the Fabiana jarosite sample are distinctly more positive; 
δ18OSO4 is 6.00 ‰ and δ
18OOH is 5.77 ‰. The barite sample has a δ
18OSO4 value of 25.00 
‰. 
Deuterium values range from -71 to -101 ‰ for alunite and from -156 to -228 ‰ 
for jarosite. Values for pseudocubic alunite from Argenta, finely crystalline alunite from 
Filo Federico, and coarsely crystalline alunite from Filo Federico are with the range of -
71 to -88 ‰, but the finely crystalline alunite from Fabiana is significantly lower at -101 
‰. The Fabiana jarosite sample (Figure 3.4f) and the Amable jarosite sample that was 
extracted from an alunite-jarosite mix (Figure 3.5a) give slightly higher deuterium values 
relative to the other jarosite samples. 
 
3.9.2 Discussion of Sulfate Mineral Origins 
 
At other Andean high-sulfidation epithermal deposits, the isotopic composition of 
bulk sulfur in the magma (δ34SS) has been estimated based on equilibrium fractionation 
of sulfide-sulfate pairs (e.g. Fifarek and Rye, 2005), or the δ34S values of magmatic-
steam alunite (e.g. Deyell et al, 2005a, b). Little fractionation is expected between sulfur 
isotopes during formation of magmatic-steam alunite, and the isotopic composition of 
magmatic-steam alunite typically represents the bulk sulfur composition of the magma 
from which fluids are sourced (Rye et al., 1992). Few sulfides exist at Veladero, 
precluding the use of pyrite-alunite pairs, and magmatic-steam alunite was not 
documented in the open pits at Veladero or nearby prospects in this study.  
At the Pierina high-sulfidation epithermal deposit in Peru, native sulfur δ34S 
values range from -1.1 to 1.0 ‰, and a δ34SS of 1.0 ‰ was estimated based on 
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coexisting magmatic-hydrothermal pyrite and alunite δ34S (Fifarek and Rye, 2005). In the 
El Indio-Pascua belt, estimates of δ34SS derived from magmatic-steam alunite are 2-4 ‰ 
at nearby Pascua-Lama (Deyell et al., 2005a), and 1-3 ‰ at Tambo (Deyell et al., 2005b). 
In the absence of other means of estimating δ34SS in the present study, the native sulfur 
δ34S value of -0.32 ‰ is used as an approximation for the bulk sulfur composition 
(Figure 3.8).  
Most of the alunite samples have δ34S values that are significantly more positive 
than those of native sulfur, which is typical for sulfate minerals incorporating sulfate 
from the disproportionation of SO2. These alunite samples are inferred to have a 
magmatic-hydrothermal origin characteristic of magmatic heat-driven systems, wherein a 
significant proportion of the hydrothermal fluid is derived from the magma (Rye et al., 
1992), consistent with their morphology and textures. Similarly, the 30 ‰ difference 
between the barite sample and the inferred δ34SS value suggests that sulfate contained in 
barite at Veladero is derived from the disproportionation of SO2; the barite is thus 
inferred to be of magmatic-hydrothermal origin. The most strongly elevated alunite δ34S 
value (17.51 ‰) comes from coarsely crystalline alunite from Filo Federico, and the 
fluids from which this alunite precipitated may have been slightly less oxidized than the 
other alunite-forming fluids. The δ34S value for alunite chemically separated from the 
Amable alunite-jarosite mix is unexpectedly low, and the jarosite δ34S value from this 
sample is unexpectedly high; a similar trend was also observed for the deuterium values. 
The chemical separation procedure was likely incomplete, resulting in slightly mixed 
alunite-jarosite stable isotope signatures.  
The hydrogen and oxygen isotopic composition of fluids in equilibrium with 
Veladero alunite at 250-300°C was calculated using the equation of Stoffregen et al. 
(1994). Fluids in equilibrium with Veladero alunite plot between the meteoric water line 
and the reference field for felsic magmatic fluids, and generally indicate mixing of 
magmatic and meteoric waters (Figure 3.9). Alunite from Fabiana (EHV-010) has lower 
δ18OSO4 values and plots slightly closer to the El Indio-Pascua belt meteoric water field 
(Deyell et al., 2005a). This dominance of meteoric over magmatic water likely reflects 
the distal position of Fabiana relative to the main hydrothermal system. Alunite from 
below the Filo Federico pit (EHV-003) and below the main center of hydrothermal  
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Figure 3.8. Jarosite, alunite, and barite δ34S and δ18OSO4 values (in ‰). The native sulfur 
δ34S value is also shown as a proxy for δ34SS. 
 
Figure 3.9. Veladero jarosite and alunite δ18OSO4, δ
18OOH , and δD values plotted in 
reference to the isotopic compositions of ore-stage alunite and late jarosite at Pascua-
Lama (Deyell et al., 2005a), the typical composition of felsic magmatic fluids (Taylor, 
1988), the composition of fluids in equilibrium with alunite at 250-300°C (calculated 
from Stoffregen et al., 1994), the estimated composition of El Indio-Pascua belt paleo-
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meteoric waters (Deyell et al., 2005a), the meteoric water line (Craig, 1961), the jarosite 
line (Rye and Alpers, 1997), and the kaolinite line (Savin and Epstein, 1970). The 
kaolinite line represents the isotopic composition of pure kaolinite formed by weathering 
in equilibrium with meteoric water at surface temperatures. 
 
 
alteration shows similar values, again suggesting a distal signature. Alunite δ18OSO4 
values are less positive than those reported for the nearby Pascua-Lama deposit (Deyell et 
al., 2005a), which is indicative of higher SO2 / H2S ratios in the Veladero system. The 
fact that alunite δ18OOH values are slightly more positive than the corresponding δ
18OSO4 
values may be related to oxygen exchange during jarosite alteration. Jarosite forms at 
lower pH than alunite (Stoffregen, 1993) and precipitates from predominately meteoric 
fluids. The alunite may have originally had a magmatic fluid signature, but some alunite 
sulfate group oxygen may have been exchanged during interaction with jarosite fluids. 
This may be reflected in the complex zoning patterns visible in BSE for some Filo 
Federico alunite samples (Figure 3.5b). Alunite texture is apparently a poor predictor of 
hydrogen and oxygen isotopes at Veladero, based on the presence of isotopic differences 
between two finely crystalline samples. In fact one of these finely crystalline sample had 
a nearly identical isotopic signature to the pseudocubic alunite sample, suggesting that 
crystal morphology is not directly indicative of fluid composition during crystal growth.  
Sulfates of supergene origin typically have δ34S values close to those of the 
precursor sulfides (Rye et al., 1992). Because sulfides are rare at Veladero no δ34Ssulfide 
data are available for comparison. However, all jarosites from the Amable and Filo 
Federico pits cluster near or below the δ34S value for native sulfur. This suggests that the 
sulfur in the jarosite is derived from sulfides. However, the jarosite textures and 
occurrence as long chains of open space filling crystals indicate that some fluid transport 
probably has occurred between the site of sulfide oxidation and the site of jarosite 
precipitation.  
Hydrogen and oxygen isotope values for jarosite reflect mixing of magmatic and 
meteoric fluids (Figure 3.9). The meteoric water signature prevails for all of the samples 
from Amable and Filo Federico. Supergene jarosite δ18OSO4 values tend to reflect the 
environment of oxidation of precursor sulfides due to the kinetic limitations on exchange 
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of oxygen between aqueous sulfate and water. Supergene jarosite δ18OOH values should 
reflect equilibrium with water (Rye and Stoffregen, 1995), and with the exception of one 
sample from the Filo Federico pit, the jarosite δ18OSO4 and δ
18OOH values plot close to one 
another (Figure 3.9). The reason for strong oxygen fractionation between the sulfate and 
hydroxyl groups in that particular sample is not known. Jarosite δD values are 
significantly lower than the alunite values, which is due to the stronger negative hydrogen 
fractionation between jarosite and water and the relatively lower δD values in meteoric 
versus magmatic water (Rye and Alpers, 1997). Jarosite texture at Veladero does not 
appear to be predictive of oxygen isotopic signatures, based on the variation observed in 
sulfate-hydroxyl oxygen fractionation among weakly zoned samples of similar vug-
filling texture. 
The sulfur in the Amable and Filo Federico jarosites appears to be derived from 
sulfides, and the fluids that precipitated this phase show dominantly meteoric isotopic 
signatures. However, the temperature at which jarosite precipitation occurred is 
unknown, and a strictly supergene origin (low temperature oxidation from precursor 
sulfides) cannot be inferred for these samples. It is possible that at least some of the 
jarosite was precipitated from a hot, oxidized hydrothermal fluid that was capable of 
transporting Fe3+. Sulfate mineral deposition may occur as far as several kilometers away 
from the site of sulfide oxidation (e.g. Macumber, 1992), suggesting that significant 
transport of Fe, Pb, As, Ag, and S may occur at Veladero prior to jarosite precipitation. 
The Fabiana jarosite sample is texturally distinct from the Amable and Filo 
Federico jarosite samples (Figure 3.4f) and has strongly elevated δ34S, δ18OSO4, and 
δ18OOH relative to the other jarosite samples. This jarosite may be of hypogene, modified 
magmatic-steam origin. The replacement of feldspars with jarosite indicates that Fe3+ was 
transported at least on the millimeter to centimeter scale. In a true magmatic-steam 
environment, alteration is produced by interaction of magmatic vapor with the wall rock 
(Rye et al., 1992). The sulfur in the vapor phase is dominantly SO2, resulting from the 
oxidation of H2S by atmospheric oxygen or by rapid ascent of oxidized sulfur species 
from the magma. The δ34S value of 8.22 ‰ is too elevated for true magmatic steam, but 
values such as this could be achieved by sulfur fractionation as steam ascends through the 
wall rock while precipitating pyrite at lower depths. 
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3.9.3 Estimates of Temperature and Elevation Based on Stable Isotopes 
 
Alunite and jarosite formation temperatures were calculated based on sulfate-
water oxygen fractionation, using previously published estimates of El Indio-Pascua belt 
paleowater compositions (Deyell et al., 2005a). Using these data, alunite temperatures 
range from 53ºC to 141ºC (Stoffregen et al., 1994), and jarosite temperatures range from 
69ºC to 197ºC (Rye and Stoffregen, 1995). Jarosite and alunite δ18OSO4 and δ
18OOH values 
produce geologically unrealistic temperature estimates, probably because of the low 
degree of sulfate-hydroxyl group oxygen fractionation in most of these samples in 
addition to post-depositional exchange. The single strongly fractionated jarosite gives a 
formation temperature estimate of 164C, which is above the expected temperature range 
of supergene alteration. This temperature estimate lends support to the idea that at least 
some of the Veladero jarosite could have potentially been precipitated directly from hot, 
oxidized, unusually acidic fluids capable of transporting Fe3+, rather than by in situ 
supergene oxidation of sulfides.   
If jarosite δ34S did reflect the composition of precursor sulfides, a 15-20 ‰ 
difference could be inferred between pyrite and alunite. This gives geologically 
unrealistic alunite formation temperatures of 315-460C (Rye et al., 1992). There is no 
evidence for initial equilibrium between pyrite and alunite, and this is not an appropriate 
thermometer at Veladero. If jarosite belongs to a separate stage, or if pre-jarosite pyrite 
was not in equilibrium with alunite, then sulfur fractionation between alunite and jarosite 
does not accurately reflect formation temperatures.  
Alunite δD values are significantly lower than those at Pascua-Lama (Deyell et 
al., 2005a) and lower than previous estimates of El Indio-Pascua belt paleowater 
composition (B. Taylor pers. comm. 2001; in Deyell et al., 2005a). Poage and 
Chamberlain (2001) have reported empirical relationships between elevation and modern 
δ18O compositions for precipitation. Using their curve for Central and South America, 
precipitation δ18O values were generated for the elevation range from 1000 to 6000 m. 
Deep-sea sediment cores indicate that late Miocene deep-sea δ18O values were roughly 2 
‰ less than today (Zachos et al., 2001). Using this adjustment, expected δD values per 
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elevation were calculated based on a meteoric water line for northern Chile empirically 
generated by Aravena et al. (1999).  
Veladero jarosites show the strongest meteoric water signature of samples 
analyzed, and their δD values span from -137 to -228 ‰. Given the strongly negative 
hydrogen fractionation between jarosite and water (~ -60 ‰) (Rye and Alpers, 1997), 
jarosite δD values probably correspond to meteoric water compositions between -77 and -
168 ‰. This corresponds to estimated late Miocene elevations between 3250 and 5250 
meters. The current high point between the Amable and Filo Federico pits is 4780 m, and 
the steam-heated blanket which represents near-surface paleoelevation is at about 4400 m 
in both pits. These elevations fall within the range of 3250-5250 m inferred for elevation 




Argon release patterns and plateau ages are shown for all dated samples in 
Figures 3.10 and 3.11. Plateaus based on three or more consecutive steps based on at least 
60% of cumulative 39Ar are considered statistically reliable. All errors are given at the 2σ 
level. Alteration ages are presented and discussed by location. The closure temperature of 
alunite has been calculated at 280  20°C based on a cooling rate of 50°C per million 
years (Love et al., 1998). The closure temperature of jarosite was calculated at 143 ± 28 
°C based on a cooling rate of 100 °C per million years (Kula et al., 2011). Ages presented 
here thus represent cooling of the alunite or jarosite below closure temperature, and 
potential resetting is discussed by individual date. 
 
3.10.1 Alteration Ages 
 
Magmatic-hydrothermal alunite at the Argenta prospect gave an 40Ar-39Ar plateau 
age of 13.12  0.18 Ma based on four consecutive steps and 70% of the cumulative 39Ar 
(EHV-010; Table 3.1, Figure 3.10). The low temperature steps show only very minor Ar 
loss. Although the alunite crystals from this location are zoned (Figure 3.6c), Na content 
is higher in the cores than the rims. There is no evidence for resetting of the 40Ar-39Ar 
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alunite age; Na substitution for K is favored at higher temperature (Stoffregen and Cygan, 
1990), and the zoning pattern in these alunite crystals shows evidence for cooling during 
growth. The alunite plateau age of 13.12  0.18 Ma is assumed to represent the oldest 
acid-type alteration preserved in the immediate Veladero area.  
A mixed sample of jarosite and magmatic-hydrothermal alunite from the Amable 
pit gave an 40Ar-39Ar plateau age of 12.7  0.2 Ma based on seven consecutive steps and 
70% of the cumulative 39Ar (EHV-075; Table 3.1, Figure 3.10). This particular sample 
was dated prior to the chemical extraction procedure by which alunite was separated from 
jarosite for stable isotope analysis, in order to avoid argon release during sample 
processing. Ages for the alunite and jarosite are estimated based on comparison to the 
other pure samples from Amable as discussed below.  
A pure sample of jarosite from the Amable pit gave an 40Ar-39Ar isochron age of 
11.8  0.3 Ma (EHV-090; Table 3.1, Figure 3.10). This sample does not have a 
statistically reliable plateau age. Individual heating steps between the ages of 10 and 12 
Ma account for 70% of the cumulative 39Ar. The isochron age is within this range and is 
assumed to be reliable. A second Amable jarosite sample with strong Pb and As zoning 
gave an 40Ar-39Ar plateau age of 8.58  0.17 Ma based on five heating steps and 55% of 
the cumulative 39Ar. The isochron age is 8.07  0.17 Ma (EHV-066; Table 3.1, Figure 
3.11), and the plateau age is presented here as a maximum age. The temporal difference 
between alunite and jarosite formation cannot be resolved within the mixed sample, but 
the other two jarosite samples constrain the crystallization ages. Neither the mixed 
alunite-jarosite sample nor the 11.8  0.3 Ma sample show significant zoning, suggesting 
that the Pb and As zoned jarosite formed in a separate, later event. Semi-quantitative 
XRD results indicate that the mixed sample is 75% jarosite and 25% alunite. If the 
jarosite in the mixed sample is of similar age to the 11.8  0.3 Ma sample, then the 
alunite may be as old as 15.4 Ma. No textural evidence for resetting was seen in the 
Amable samples.  
Two magmatic-hydrothermal alunite samples were dated from the Filo Federico 
pit, with no textural evidence for resetting in either sample. The first gave an 40Ar-39Ar 
plateau age of 11.05  0.12 Ma based on six consecutive heating steps and 85% of the 
cumulative 39Ar (EHV-162; Table 3.1, Figure 3.10). The second sample gave a plateau 
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age of 10.34  0.11 Ma based on five consecutive heating steps and 65% of the 
cumulative 39Ar (EHV-003; Table 3.1, Figure 3.10). Textural evidence indicates that Filo 
Federico jarosite is younger than the alunite. Samples of jarosite from this pit were not of 
sufficient quality for geochronological analysis, but jarosite alteration can be constrained 
to the period after 10.34 Ma. 
A magmatic-hydrothermal alunite sample from the Fabiana prospect gave an 
40Ar-39Ar plateau age of 10.09  0.08 Ma based on four consecutive heating steps and 
70% of the cumulative 39Ar (EHV-010; Table 3.1, Figure 3.10). This sample is in the 
same age range as Fabiana alunite samples dated by Bissig et al. (2001). The inferred 
magmatic steam jarosite gave a 40Ar-39Ar plateau age of 9.5  0.2 Ma based on five 
consecutive steps and 70% of the cumulative 39Ar. Significant Na substitution does occur 
in this jarosite sample, which may represent higher temperature precipitation (Stoffregen, 
1993), but the crystal is unzoned and does not show any indication of a post-
crystallization thermal event. Earlier episodes of alteration also are preserved at Fabiana, 
as evidenced by a sericite sample which gave an 40Ar-39Ar plateau age of 12.8 ± 0.3 Ma 
(Barrick Gold Corporation, unpublished data).  
 
3.10.2 Discussion of Alteration Ages 
 
The 13.12  0.18 Ma alunite sample from Argenta represents the oldest definitive 
alteration age in the immediate Veladero area. At Argenta, textural evidence indicates 
that steam-heated native sulfur post-dates the alunite. Hydrothermal activity in the form 
of steam-heated alteration appears to have persisted in that area following a lowering of 
the water table.  
At Amable, alunite alteration was occurring by 12.7  0.2 Ma and possibly as 
early as 15.4 Ma. Jarosite alteration commenced by 11.8  0.3 Ma, and jarosite of this 
age is texturally similar to the jarosite sample that exhibited strong sulfate-hydroxyl 
fractionation giving a formation temperature estimate of 164°C. Thus at least some the 
early jarosite at Amable that formed during this period may have been precipitated by 




Figure 3.10. Argon step-heating release patterns and plateau ages for dated alunite and 
jarosite samples. Isochron plots are shown for samples for which the range of isotopic 
values was suitable to generate a curve. Lack of an isochron plot for a given sample 
indicates a lack of spread in radiogenic yield.  
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Figure 3.11. Argon step-heating release patterns and plateau ages for dated alunite and 
jarosite samples. Isochron plots are shown for samples for which the range of isotopic 
values was suitable to generate a curve. Lack of an isochron plot for a given sample 




  The presence of a much later jarosite phase at 8.58  0.17 Ma suggests that there 
were multiple pulses of jarosite precipitation at Amable, either from hydrothermal fluids 
or by supergene oxidation, potentially above a fluctuating water table. Some of these 
pulses were associated with significant Pb and As mobility. The 8.58  0.17 Ma jarosite 
is strongly zoned and texturally distinct from the jarosite that gave the formation 
temperature estimate of 164°C, and the preservation of two distinct age groups of jarosite 
is evidence against a thermal overprint that might have reset the earlier jarosite ages. An 
unmineralized and unaltered feldspar porphyry dike of andesitic composition from the 
Amable pit gave a U-Pb zircon CA-TIMS age of 12.14  0.11 Ma (Chapter 2; Holley et 
al., 2012). The relatively fresh nature of this sample indicates that intense acid-type 
hydrothermal alteration was limited by this time.  
The age of the steam-heated blanket in the Amable area can be geologically 
constrained between the other alteration assemblages. Steam-heated alteration occurred 
during to after magmatic-hydrothermal alteration, and prior to at least the final phase of 
jarosite alteration based on jarosite overprinting of this assemblage. Thus in Amable the 
steam-heated assemblage formed between 12.7  0.2 and 8.58  0.17 Ma. 
The alunite samples from the Filo Federico pit (11.05  0.12 and 10.34  0.11 
Ma) are similar enough in age to be from a single period of hydrothermal activity, 
although there probably were multiple fluid pulses. At the Filo Federico pit, the 
widespread alteration to residual quartz and the post-alunite precipitation of fracture-
filling quartz likely occurred in association with this 11.05  0.12 to 10.34  0.11 Ma 
hydrothermal event.  
It is unclear whether the earlier Amable acid-type alteration event occurred at Filo 
Federico and was overprinted by the 11.05  0.12 to 10.34  0.11 Ma event. However, 
the Filo Federico fracture-filling quartz did not overprint older Amable alunite and vug-
filling jarosite. Amable Au and Ag are not encapsulated by quartz, which would be 
expected if the Filo Federico alteration event extended to the Amable area. If Filo 
Federico alteration did not strongly affect the Amable area in the 11.05 to 10.34 Ma 
event, it is thus unlikely that Amable alteration strongly affected the Filo Federico area in 
the earlier event. Lateral fluid flow sufficient to cause major overprinting would be 
expected in neither event or in both events, but not in only one event. While there is no 
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conclusive evidence, alunite and jarosite ages and textural relationships suggest that 
hydrothermal alteration events at Amable and Filo Federico were temporally distinct. The 
preservation of older alteration ages at Amable is also evidence against thermal resetting 
of the Amable alteration minerals during the later Filo Federico event 
Filo Federico barite of magmatic-hydrothermal origin occurs as overgrowths on 
jarosite (Figure 3.5f). If jarosite is supergene, this indicates that hydrothermal alteration 
was ongoing after at least this phase of oxidation. The Filo Federico steam-heated blanket 
formed during or after the magmatic-hydrothermal alteration and must be younger than 
11.05 Ma. The younger structurally-controlled steam-heated alteration in the Filo 
Federico pit crosscuts the steam-heated blanket, and probably occurred as a later pulse in 
the waning phases of hydrothermal activity above a lower water table.  
 At Fabiana, the 10.09  0.08 Ma alunite and the 9.5  0.2 Ma jarosite likely 
formed from separate pulses of fluids in the same period of hydrothermal activity. 
Although the Fabiana event is close in age to the Filo Federico event, Fabiana is spatially 
closer to the Amable pit than to the Filo Federico pit. Any broad scale advanced argillic 
alteration affecting Fabiana and Filo Federico would also affect the Amable pit. It thus 
appears that Fabiana acid-type hydrothermal alteration was a separate event from 
hydrothermal alteration in the two open pits. Earlier episodes of alteration are also 
preserved at Fabiana, as evidenced by the 12.8 ± 0.3 Ma sericite sample. Mapped units in 
the Fabiana area include the Upper Oligocene to Lower Miocene Tilito Formation, the 
Miocence Cerro de las Tortolas and Vacas Heladas Formations, and the Pliocene Cerro 
de Vidrio rhyolitic dome (Charchaflié et al., 2007). However, advanced argillic alteration 
at Fabiana is hosted in an andesitic ignimbrite that is significantly older (Barrick Gold 
Corporation, unpublished data), indicating that hydrothermal alteration is not related to 
the volcanic activity that formed the host rocks.  
 
3.11 Constraints on Timing of Mineralization 
 
In the Amable pit, Au and Ag mineralization post-date the intrusion of a feldspar 
porphyry unit that gave a U-Pb CA-TIMS age of 16.38 Ma  0.06 Ma (Chapter 2; Holley 
et al., 2012). The dated sample contains 0.14 g/t Au and 1.4 g/t Ag. Amable Au is 
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commonly encapsulated by jarosite lacking significant Pb and As zoning (Figure 3.4a). 
Strong zoning is observed in the 8.58  0.17 Ma jarosite but not the 11.8  0.3 Ma 
jarosite, suggesting that it is the older jarosite phase rather than the younger jarosite phase 
that directly encapsulates the Au grains. The age of Au mineralization in the Amable pit 
is thus restricted to the period between the beginning of magmatic-hydrothermal 
alteration at 12.7  0.2 Ma (possibly as early as 15.4 Ma) and the beginning of jarosite 
alteration at 11.8  0.3 Ma. The unmineralized dike that crosscuts several quartz-alunite 
altered and mineralized breccia units in the Amable pit limits Amable Au mineralization 
to the period prior to 12.14  0.11 Ma. Thus Amable Au mineralization appears to have 
occurred from 12.7  0.2 (or as early as 15.4 Ma) to 12.14  0.11 Ma. 
Neither of the Filo Federico alunite samples dated in this study contains 
significant Au (<0.03 g/t). Textural relationships indicate that the Au was deposited after 
the commencement of acid-type alteration in this area but prior to jarosite alteration. 
Therefore it is inferred that Filo Federico Au mineralization occurred after the beginning 
of alunite alteration at 11.05  0.12 Ma. This is significantly after the end of Au 
mineralization at Amable, and it is thus concluded that Au mineralization at Filo Federico 
was a separate event. The whole rock sample from which the younger (10.34  0.11 Ma) 
alunite was separated contains 0.4 g/t Ag. Textural evidence suggests that the Ag post-
dates the alunite, indicating that Ag mineralization was ongoing after 10.34  0.11 Ma. 
Significant silver was detected in the 11.8  0.3 Ma Amable jarosite sample by 
LA-ICP-MS (Chapter 4), and some jarosite grains in other samples contain up to 1759 
ppm Ag. The silver predominately occurs within jarosite crystals and appears to 
substitute for potassium in the D-site. Based on the presence of Ag in the jarosite, the 
most likely hypothesis is that the Ag was originally present as acanthite [Ag2S]. 
Acanthite and other precursor sulfides in the deposit would have been oxidized, at which 
point the Ag was incorporated into jarosite. It should be noted that Ag could have been 
directly incorporated into the jarosite crystal structure during precipitation from 
hydrothermal fluids, in which case Ag mineralization would have been synchronous with 
jarosite alteration.  
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The 13.12  0.18 Ma alunite sample from Argenta contains <0.03 g/t Au and 1.6 
g/t Ag. This represents the oldest alteration in the Veladero area that is texturally 
associated with ore. Some alunite samples from neighboring prospects 5 km or more 
from Veladero have ages as old as 15.7  0.8 Ma (Clark, 2005), but there is no clear 
evidence that the older alteration is associated with mineralization (Bissig, 2005; 
unpublished report). At the Fabiana prospect, the 9.5  0.2 Ma magmatic-steam jarosite 





Multiple pulses of hydrothermal alteration occurred in the Veladero area, between 
at least 12.7  0.02 Ma and 10.09  0.08 Ma, potentially commencing as early as 15.4 Ma 
and extending until 8.58  0.17 Ma. Magmatism appears to have still been active after the 
initial phase of hydrothermal alteration at Amable, and during at least the earlier phases 
of jarosite alteration.  
Jarosite stable isotope signatures are indicative of mixing of magmatic and 
meteoric fluids, and the jarosite appears to have formed after oxidation of precursor 
sulfides at temperatures unusually elevated for supergene alteration. The Veladero 
deposit was probably located at a topographic high above a fluctuating water table during 
jarosite alteration. Barite with a magmatic-hydrothermal stable isotope signature post-
dates some occurrences of jarosite, indicating that the magmatic-hydrothermal system 
was still active after the modified, high-temperature supergene alteration. Jarosite at the 
Fabiana prospect bears textural and stable isotope characteristics that suggest deposition 
in a modified magmatic-steam environment, wherein some sulfur fractionation occurred 
during vapor ascent. This may be similar to the Pascua deposit where metal-bearing 
fluids are interpreted as condensates of magmatic vapor (Chouinard et al., 2005).  
No evidence is observed for bilateral flow of fluids between the Amable and Filo 
Federico pits, and it appears that these are separate alteration centers that were 
mineralized in separate events. Amable Au mineralization is constrained to the period 
from ~15.4 to 12.14  0.11 Ma, and Ag mineralization likely occurred before jarosite 
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alteration at 11.8  0.3 Ma. Filo Federico Au mineralization occurred after 11.05  0.12 
Ma, although the Au may be significantly younger than this maximum age. Silver 
mineralization at Filo Federico was ongoing after 10.34  0.11 Ma. The Ag 
mineralization likely occurred as a sulfide stage, with later incorporation of the Ag into 
jarosite following oxidation of sulfide minerals by interaction with meteoric waters at 
atypically elevated temperatures. The initial stage of Ag mineralization could have been a 
separate event from Au mineralization at both Amable and Filo Federico. The Amable, 
Filo Federico, Argenta, and Fabiana alteration centers at Veladero were produced by a 




Table 3.1. Sample locations, crystal morphologies, ages, Au and Ag contents. 
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Table 3.2. Summary of stable isotope results.  
 
Sample Mineral Elevation Area δD δ34S δ18OSO4 δ
18OOH 
EHV-007s native S 4409 Argenta   -0.32     
EHV-003 alun 4047 Filo Federico -88 17.51 2.00 4.00 
EHV-007 alun 4409 Argenta -71 12.37 9.00 10.73 
EHV-010 alun 4270 Fabiana -101 11.20 4.00 5.42 
EHV-162 alun 4470 Filo Federico -74 12.87 9.00 9.75 
EHV-090 jar 4145 Amable -137 -0.61 -  
EHV-075 jar + alun 4145 Amable -165 2.07 -2.00 -1.77 
EHV-075.2  jar 4145 Amable  -3.40 -0.41  
EHV-075.3  alun 4145 Amable  5.90 6.60  
EHV-090.2  jar 4145 Amable  -3.50 0.68  
EHV-009 jar 4589 Fabiana -156 8.22 6.00 5.77 
EHV-066 jar 4433 Amable -216 -3.81 -3.00 -2.05 
EHV-030 jar 4420 Filo Federico -228 -0.81 -1.00 -10.33 
EHV-031 jar 4400 Filo Federico - -2.10 -2.00  
EHV-060 jar 4190 Filo Federico - -1.40 -4.00  
EHV-083b barite 4145 Amable  29.51 8.00  
EHV-083b.1 barite 4145 Amable  30.60   















The Veladero high-sulfidation epithermal deposit, El Indio-Pascua belt, Argentina 
(Figure 4.1) contained estimated reserves of 12.2 Moz of gold and 226.2 Moz of silver at 
the end of 2008 (Barrick Gold Corporation, 2008). The deposit averages 1.4 g/t Au and 
14 g/t Ag (Barrick Gold Corporation, 2011) and is processed by crushing and cyanide 
heap leaching. Gold recovery averages approximately 72%, but silver recovery is only 
6.5-9% (Roscoe Postle Associates, 2012). At current silver prices of approximately 
$33/oz, this unrecovered silver represents roughly 7.4 billion dollars. In 2007, Barrick 
launched its “Unlock the Value” research initiative, soliciting proposals from the 
scientific community to improve Veladero’s silver recovery (Barrick Gold Corporation, 
2007). Given the economic importance of this problem, further characterization of 
Veladero silver mineralogy was merited. The aim of this work is to provide a 
comprehensive survey of the ore mineralogy at Veladero. The ore minerals were 
identified and characterized, and the textural relationships between ore minerals and host 
rock were documented. The cause of the silver recovery problem is identified, with 
implications for the processes of ore deposit formation at Veladero and other high-
sulfidation epithermal deposits world-wide. 
  
4.2 Deposit Geology 
 
Veladero is located near the northern end of the El Indio-Pascua belt in the 
Andean Cordillera of Argentina (Figure 4.1a). The El Indio-Pascua belt straddles the 
Chile-Argentina border, extending over 150 km from 2920’ to 3030’ S latitude, north 
of the El Teniente-Los Pelambres porphyry Cu-Mo belt and south of the Maricunga high-
sulfidation Au-Ag and porphyry Au belt. In addition to Veladero, the El Indio-Pascua 
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belt hosts numerous epithermal Au, Au-Ag, and Au-Ag-Cu deposits and prospects 
including El Indio, Pascua-Lama, and Tambo (Figure 4.1b) (Bissig et al., 2002). 
At Veladero, fine-grained disseminated gold and silver are hosted in two adjacent 
subhorizontal ore bodies which coalesce at depth. The long axis of the ore bodies trends 
north-northwest over a length of 3 km. The ore bodies are approximately 500 m thick, 
extending from 3950 to 4400 m above sea level. The gold and silver ore bodies are 
shown in plan view in Figure 4.2 and in long section in Figure 4.3. Ore is hosted by 
middle Miocene volcanic and volcaniclastic rocks of the Cerro de las Tórtolas and Vacas 
Heladas Formations, which unconformably overlie deformed and structurally interleaved 
late Oligocene and Permian rocks of the Tilito and Guanaco Sonso Formations 
(Charchaflié et al., 2007). The host rocks for the deposit are interpreted to represent a 
coalescing complex of volcanic domes, diatremes, and other discordant breccias and 
mantled by, a stratigraphically thick apron of volcaniclastic deposits. Numerous 
hydrothermal breccia bodies cross-cut the volcaniclastic and coherent volcanic units. 
 
4.3 Mineralized Centers 
 
 The two main pits, Filo Federico and Amable, are centered on the northern and 
southern ore bodies, respectively. Acid-type alteration at Amable (12.7  0.2 to 12.14  
0.11 Ma) is significantly older than at Filo Federico (11.05  0.12 to ~ 10 Ma), 
suggesting that the two pits are centered on two coalescing deposits that were formed 
during separate geologic events (Holley et al., 2012). Historical reports indicate that 
Au:Ag ratios are not consistent throughout the ore body (Laidlaw, 2005), lending 
additional evidence to the conclusion that multiple events of metal deposition occurred. 
Zones of high Ag grade correlate with zones of high Au grade in the Amable pit, whereas 
high grade Au and Ag are less strongly correlated in the Filo Federico pit (Figure 4.3). 
The minimal overlap between Au and Ag at Filo Federico precludes the examination of 
textural relationships between Au and Ag phases in Filo Federico samples.  
However, the textural evidence for Amable Au and Ag phases documented in this study 





Figure 4.1. Location of the Veladero high-sulfidation deposit. A: El Indio-Pascua belt in 
the Andean Cordillera spanning the Chile-Argentina international border (modified from 
Bissig et al., 2001). The El Indio-Pascua belt occurs at the central portion of the Central 
Andean amagmatic flat slab subduction zone, south of the Maricunga belt and north of 
Los Pelambres-Pachon. B: Locations of significant deposits and prospects in the El Indio-
Pascua belt (modified from Bissig et al., 2001). The Veladero deposit is located near the 








Figure 4.2. Plan view of the Veladero deposit showing the distribution of metal grades. 
A: Gold grades. B: Silver grades. AA= Amable pit, FF=Filo Federico pit. Modified from 




Figure 4.3. North-south long section through the Veladero deposit showing the 
distribution of metal grades. A: Gold grades. B: Silver grades. AA= Amable pit, FF=Filo 





A suite of mineralized samples was collected from pit benches and diamond drill 
core at Veladero and the nearby Fabiana prospect (Table 4.1). Over 700 meters of 
topographic relief occurs in each of the two open pits, and the sample suite covered the 
full range of exposure and a range of Au and Ag grades. Gold and silver mineralogy were 
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characterized under reflected light in thin section to the extent possible given the small 
grain size of these phases. Sample splits were analyzed for Au by fire assay with a 
gravimetric finish and for Ag by aqua regia digestion and ICP-OES at Actlabs, Ontario. 
The detection limit was 0.03 ppm for Au and 0.2 ppm for Ag. Blanks were <0.03 ppm Au 
and < 0.2 ppm Ag. Duplicates were within 0.08 ppm Au and 0.2 ppm Ag, and standards 
were within 1.2% RSD of the certified reference value for both elements.  
Gold and silver were identified in thin section using QEMSCAN particle mineral 
analysis and trace mineral search, both at 25 keV, a beam current of 5 nA, and 4 μm step 
size, scanning for phases brighter than a BSE value of 115. Modal percent of silver 
phases were estimated as a percent of the total pixels in high-resolution BSE images 
obtained on the QEMSCAN instrument. The textural relationships between the various 
minerals were characterized by SEM and FESEM investigations. SEM characterization 
was conducted on an FEI Quanta 600 instrument with a PGT Prism 2000 EDS; high-
contrast BSE images were collected at an accelerating voltage of 25 kV, a 4 μm beam 
width, and a working distance of 11 mm. FESEM analyses were conducted on an FEI 
Quanta 450 FEG instrument with a EDX SD detector at an accelerating voltage of 15 kV 
and a working distance of 10.5 mm. BSE images were acquired with a voltage contrast 
detector. A 4 μm beam diameter was used for EDX analyses. 
Ore mineral chemistry was determined by EMP measurements. The EMP 
analyses were conducted on a JEOL 8900 microprobe, with operating accelerating 
voltage at 15 kV and a nominal beam current of 20nA. A 1 μm beam was used for most 
analyses, excepting halide minerals for which a 5 μm beam was used to minimize 
volatilization. For further analytical details see Appendix A.  
Silver-bearing jarosite chemistry was determined by LA-ICP-MS analysis, using a 
193 nm laser ablation system coupled to a quadrupole ICP-MS. The spot size was 25 μm, 
with a laser repetition rate of 4 Hz and a laser energy density of 5 J/cm2. External 
calibration was conducted using a basaltic glass (USGS GSD-1g). Iron was used as the 
internal standard element using an average Fe content of 30 wt % derived from EMP 
data. All signals were screened for inclusions and filtered based on visual inspection of 
the time-dependent signal. All data are reported in concentration in ppm and are 
calculated using the methods of Longerich et al. (1996). Six samples were analyzed for a 
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total of 50 spots, averaging three spots per jarosite crystal. In some cases, inclusions were 
still present resulting in high concentrations of elements not derived (entirely) from the 
jarosite; details are discussed below. 
 Whole-rock quantitative XRD analysis was conducted on splits from 15 
representative ore samples collected at Veladero. The finely crushed samples were split 
and 4 grams of the material were milled for 8 minutes with 10 g of ethanol in a vibratory 
McCrone micronizing mill to < 10 μm. After drying of the samples, mixing of the 
powders was accomplished in a vibratory mixer mill. Standard powder mounts with 
random orientation were obtained by filling the sample powders into a conventional top-
loading sample holder. Step-scan XRD data were collected using a URD 6 (Seifert-FPM, 
Germany), from 5 to 80 2 at a 0.03 2 step width and a measuring time of 8 seconds 
per step. The XRD was equipped with a diffracted-beam graphite monochronomator, a 
variable divergence slit, and a Co tube. The instrument was operated at 40 kV and 30 
mA. The raw diffraction patterns were qualitatively analyzed using conventional 
search/match procedures. Quantitative analysis was performed by the Rietveld method 
using the fundamental-parameter Rietveld programs BGMN/AutoQuan (Monecke et al., 
2001; Kleeberg and Bergmann, 2002; Ufer et al., 2004).  
 
4.5 Veladero Ore Minerals 
 
In both Amable and Filo Federico, Au occurs as 5-25 m particles of native Au, 
disseminated in vugs and fractures of highly silicified breccias. EMP analyses indicate 
that Au is typically >800 fineness. No other Au phases were detected in this study. Some 
Au is associated with rutile in samples from both mineralized centers. In some Amable 
samples, native Au is encapsulated by jarosite. Whereas gold-bearing samples from 
Amable tend to have a bulk rock Au:Ag ratio of roughly 1:15, Filo Federico samples 
have variable Au:Ag ratios. Silver phases at both mineralized centers are primarily 
located in vugs and fractures. EMP analyses indicate that the silver occurs as a rare silver 
sulfide, as iodargyrite [AgI], and as unknown Ag-Hg-I minerals in the capgaronnite-
perroudite group. Significant silver also occurs in jarosite. The following sections 
describe each of these silver phases in specificity. 
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4.6 Ag Sulfides 
 
 Silver-bearing sulfides are extremely rare in the Veladero samples examined in 
this study. Nearly 600 bright BSE spots were examined in a total of 24 samples through a 
combination of QEMSCAN and EMP analyses, and only one 1 m grain of Ag sulfide 
was detected (Table 4.1). During EMP analysis, Fe, Ag, and S were detected in this 
particular grain, with a ratio of 1Fe : 2Ag : 2S. Unfortunately the total for this analysis 
was only 63% as the beam penetrated through the grain into the quartz matrix. Silica was 
not included in the analysis suite, thus accounting for the low total. Stoichiometry for the 
Ag sulfide grain cannot be determined based on this analysis, but minerals of appropriate 
compositions include argentopyrite / sternbergite [AgFe2S3], argyropyrite [Ag2Fe7S11], 
lenaite [AgFeS2], or an intergrowth of acanthite [Ag2S] and pyrite. Barrick’s Unlock the 
Value announcement described Veladero silver as acanthite (Barrick Gold Corporation, 
2007), but the rarity of Ag sulfides in the sample suite for this study precluded 
confirmation of that statement. 
 
4.7 Ag Iodides 
 
 Silver iodides occur as 1 m particles and 1 m aggregates of <0.1 m particles 
in vugs and fractures. The silver iodides are present in silicified breccias in both pits at 
Veladero. These Ag-bearing phases were identified using QEMSCAN automated 
mineralogy. EMP analyses were conducted to determine their compositions (Table 4.2). 
In addition to Ag and I, significant amounts of Br, Cl, Hg, Se, S, and Fe were detected in 
some analyses. Because the individual grains are far smaller than the microprobe beam 
size, microprobe analyses are averages of several grains. In several samples, silver iodide 
minerals predominately occur in large clusters (Figure 4.4a). Multiple grains in each the 
cluster were analyzed by EMP. There was significant variation in the concentrations of 
Ag, Hg, Se, Fe, and I content between individual analyses within a single sample (Table 
4.2), suggesting that multiple phases exist either within or among grains. Individual 
grains were imaged at high resolution using FESEM (Figure 4.4b), clearly revealing that 
each grain consists of aggregated <0.1 m particles. Due to the small grain size and likely 
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presence of multiple phases, stoichiometry could not be determined for the Ag-bearing 
minerals.  
A single opaque grain of this type was found to be encapsulated by a larger 
jarosite crystal in the plane of the thin section in a sample from Amable (Figure 4.6j). 
This mineral may occur as either an overgrowth on or an inclusion in the jarosite, but the 
textural setting and paragenetic relationship could be determined without information in 
three dimensions. The opaque grain was predominately composed of Ag, Hg and Se, with 
variable Fe and I content. The grain was likely an aggregate of particles similar to those 
described above.  
In other samples containing Ag iodides, the composition of this phase was found 
to be fairly consistent within and between grains analyzed (Table 4.1; Figure 4.4c,d). 
Although FESEM imaging of EMP spot locations revealed that each microprobe analysis 
was averaged over several small particles aggregated in larger grains, compositions were 
roughly a 1:1 ratio of Ag to I. This phase with consistent Ag:I ratios is therefore 
interpreted as iodargyrite [AgI]. 
 
4.8 Ag-bearing Sulfates 
 
Jarosite [KFe3(SO4)2(OH)6] is one of about forty minerals in the alunite 
supergroup (Jambor, 1999), the individual species of which have the general formula 
(DG3)(TO4)2(OH,H2O)6. In end-member jarosite, potassium occupies the D-site, iron 
occupies the G-site, and sulfur occupies the T-site. The D-site is occupied by Ag in end-
member argentojarosite. Complex solid solutions can occur (Dill, 2001). Common 
substitutions include Na for K in the jarosite-natrojarosite series, and Al for Fe in the 
jarosite-alunite series. Numerous metal ions can substitute for K. If silver occupies 10% 
to less than 50% of the D sites, the mineral is referred to as argentian jarosite.  
The occurrence of jarosite is pervasive in mineralized zones in both Amable and 
Filo Federico. Jarosites from the Amable and Filo Federico pits are texturally similar, 
occurring as veinlets and disseminations in vugs and fractures in residual (vuggy) quartz. 
Jarosite typically occurs as chains of 25 to 100 m euhedral to subhedral crystals filling 
open space (Figure 4.5).
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Figure 4.4. BSE images of Veladero Ag iodide minerals. A: Cluster of Ag iodide grains; 
red box shows location of particle in the next image. B: FESEM image of a single 
particle containing highly variable Ag, Hg, Se, Fe, and I contents. C: Iodargyrite (AgI) in 
a vug. D: FESEM image of red box area in the previous image; the grain contains 
consistent Ag: I ratios. 
 
 
In some samples, jarosite encapsulates native Au (Figure 4.5a). The jarosite 
occurs with varying quantities of hematite and goethite (Appendix C). These Fe-oxides 
and hydroxides occur as overgrowths on jarosite, quartz and alunite, and as open-space 
filling grains (Figure 4.5b). Most jarosite from the two pits shows growth zoning on the 5 
to 10 m scale, with some zones < 1 m in width. Zoning is visible in BSE images 
(Figure 4.5c,d) and in some cases in plane polarized light (Figure 4.6). Growth zones are 
characterized by variations in the abundance of trace elements such as As, Pb, Ca, Ba, 
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and Mg. In some samples with exceptionally strong zoning, EMP analyses (Appendix E) 
indicate that jarosite contains up to 0.19 apfu As and 0.28 apfu Pb in oscillatory growth 
zones (Figure 4.5d).  
Silver was included in the suite of elements analyzed by EMP to characterize 
sulfate mineral zoning (Chapter 3; Appendix E). Most analyses were below or very close 
to detection limit (approximately 1100 ppm). However, silver was qualitatively identified 
in the WDX spectra of many jarosite samples. In some jarosite crystals, several Ag 
analyses were clearly above the EMP detection limit. The highest value analyzed was 
1760 ppm Ag in jarosite in a sample from the Amable pit. Whole rock analysis of this 
particular sample indicated a grade of 62.5 ppm Ag. These results encouraged further 
quantitative analysis of Ag in jarosite by LA-ICP-MS. 
 
4.9 Trace Element Composition of Jarosite 
 
LA-ICP-MS analyses confirm that Ag occurs in Veladero jarosite (Table 4.1; 
Appendix F). Analyses were internally standardized using EMP Fe results. Individual 
LA-ICP-MS Ag analyses ranged from below detection (0.98 ppm) to 11,583 ppm. 
Individual analysis locations and Ag concentrations are shown for select jarosite crystals 
in Figures 4.6 and 4.7. Silver was below detection limit in 22 of 50 individual spots 
analyzed (select analysis locations shown in Figure 4.6) and above detection limit in 28 
of the 50 spots (Figure 4.7). Bulk rock Ag analyses were a good predictor of jarosite Ag 
in all six of the samples (Figure 4.8): Ag was detected in the three samples with bulk rock 
Ag > 0.4 g/t. No Ag was detected in the three samples with < 0.4 g/t Ag. Average Ag for 
the 50 spot dataset was 165 ppm. Average Ag was 282 ppm for the spots with detectable 
Ag. In most analyses, Ag ablated proportionally to major and minor jarosite elements, 
including Al, Fe, and K, suggesting that Ag occurs in the jarosite structure. In most 
crystals analyzed, Ag shows a rough positive correlation with Bi and a negative 




Figure 4.5. Jarosite textures. A: Jarosite encapsulates Au in vuggy quartz, PPL. B: 
Jarosite rims a vug in a zone of intense alunite alteration; late iron oxides fill fractures 
and alunite grain boundaries, BSE. C: Moderately zoned jarosite fills the voids between 
earlier alunite laths, BSE. D: Vug-lining jarosite with strong As-Pb zoning, BSE.  
 
 
The 30 m spot size used for LA-ICP-MS precludes resolution of the chemistry 
of individual jarosite growth zones that have widths of  < 1 to 10 m scale. The Ag may 
occur as << 1 m zones of endmember argentojarosite that alternate with endmember 
jarosite, or the Ag may exist as non-endmember substitution of Ag for K. Silver would 
constitute roughly 18.5 wt % of endmember argentojarosite. Because the highest Ag 
analysis concordant to the other jarosite elements was about 1110 ppm Ag, it is unlikely 
that individual zones are endmember argentojarosite even if they are < 1 m in width. 
The Ag-bearing jarosite is interpreted as a member of the jarosite-argentojarosite solid 
solution, which is the product of moderate Ag substitution for K in individual growth 
zones. 
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 Of the 50 spots analyzed, one spot contained disproportionally high Ag (11,583 
ppm), Hg, and Se relative to the major jarosite elements. The analyses were internally 
standardized to Fe, so the Fe content of this spot analysis is an artifact of the data 
collection. The spot was centered on the jarosite crystal that contains the Ag, I, and Fe-
bearing Hg selenide overgrowth or inclusion described previously. The phase is opaque 
in plane light (Figure 4.7d) and occurs near the center of the jarosite crystal. The LA-
ICP-MS analysis spot on the jarosite crystal partially onlapped the opaque phase, 
resulting in high Ag (11,583 ppm), Hg (10,235 ppm), and Se (487 ppm) results that 
reflect a mix of the selenide and the jarosite compositions. This is the only spot analyzed 
that contained an inclusion or overgrowth phase detectable in plane light, BSE, or EMP 
studies. Therefore it is inferred that the rest of the LA-ICP-MS analyses are 
representative of Ag that actually occurs within the jarosite crystal structure. 
 
4.10 Quantitative Analysis of Ag-bearing Jarosite 
 
 Modal abundances of other Ag-bearing phases (Ag iodides and Ag sulfides) were 
estimated as a percent of the total pixels in high-resolution BSE QEMSCAN images of 
ore sample thin sections. EMP results for each bright BSE spot were then used to 
calculate the maximum concentration of Ag accounted for by each phase in the sample. 
In the single sample containing Ag sulfides, the maximum Ag accounted for by this 
phase was 3.3 ppm (Table 4.2). That particular sample contained a whole-rock value of 
62.5 ppm Ag. As a consequence, it is proposed that the bulk of the Ag is contained in Ag-
bearing jarosite. In the sample containing the greatest abundance of Ag iodides, modal 
abundances indicate that this phase accounts for a maximum of 5.7 ppm Ag (Table 4.2). 
The sample contains a bulk content of 206 ppm Ag. Because the sample contains no other 
Ag-bearing phases besides jarosite, the Ag-bearing jarosite must account for ~200 ppm 
Ag in the sample. 
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Figure 4.6. Microtextures of jarosite analyzed by LA-ICP-MS. Open circles represent 
spot analyses below the detection limit of 0.98 ppm Ag. A: Fabiana prospect jarosite and 
APS crandallite group minerals replacing a dacitic groundmass, PPL. B: Analysis 
locations for sample A, BSE. C: Filo Federico jarosite lining a vug in residual quartz, 
PPL. D: Analysis locations for sample C, BSE. E: Strongly As-Pb zoned Amable jarosite 
lining a fracture in residual quartz, PPL. F: Analysis locations for sample D, BSE.  
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Figure 4.7. Microtextures of jarosite analyzed by LA-ICP-MS. A: Amable jarosite in 
vugs within residual quartz, showing analysis locations for B, C, D; PPL. B: Moderately 
zoned Amable jarosite with minor Ag content, BSE. C: Moderately zoned Amable 
jarosite with Ag up to 213 ppm, BSE. D: Amable jarosite with minor Ag content 
encapsulating an Ag-Hg selenide grain, PPL. E: Amable jarosite with Ag up to 81 ppm 
lining a vug in residual quartz with zoned margins, PPL. F: Amable Fe-oxide and jarosite 





Figure 4.8. Comparison of whole rock Ag content and Ag concentrations in jarosite as 
constrained by LA-ICP-MS. Total number of samples = 6. 
 
 
Whole-rock quantitative XRD was conducted on a representative subset of the 
sample suite. Results indicate that jarosite is present in 13 of 21 samples (Figure 4.9). The 
average jarosite content is 5 wt %, including the non-jarosite bearing samples. For those 
samples that do contain jarosite, the average jarosite content is 8 wt %. If the deposit 
contains 5 wt % jarosite, an average jarosite Ag content of 280 ppm would account for 
the Veladero bulk grade of 14 g/t Ag. This calculation is based solely on Ag-bearing 
jarosite and no other Ag phases. At 10 wt % jarosite, each jarosite crystal need only 
contain 140 ppm Ag, and at 1 wt % jarosite all the Ag in the deposit could be accounted 
for if the jarosite contained 1400 ppm Ag. Based on the range of Ag concentrations 
detected in jarosite, the jarosite-rich bulk nature of the ore, and the minimal 
concentrations of other Ag phases, it is concluded that Ag-bearing jarosite is one of the 




Silver in disseminated type high-sulfidation deposits is most commonly hosted in 




Figure 4.9. Histogram showing the jarosite content of representative whole rock samples 
(number of samples = 21). 
 
 
the predominance of Ag as Ag-iodides (including variable concentrations of Br, Cl, Hg, 
Se, S, and Fe) and Ag-bearing jarosite observed at Veladero may not be unusual. Jarosite 
is a common alteration mineral in many high-sulfidation epithermal deposits (Dill, 2001) 
and is particularly prevalent in arid climates (Dold and Fontboté, 2001). Most high-
sulfidation deposits contain Ag (Simmons et al., 2005), which may partition into the 
jarosite during hypogene or supergene jarosite precipitation. Argentian jarosite, 
argentojarosite, and members of the jarosite-argentojarosite solid solution may be more 
important hosts of Ag in these systems than previously recognized. 
Chlorargyrite and iodargyrite are common in oxide or supergene-enriched zones 
at high- and low-sulfidation deposits (Hedenquist et al., 2000). Iodargyrite typically 
occurs as a weathering product of silver ore in arid climates (Golebiowska et al., 2010). 
At Diablillos, Salta and Catamarca provinces, Argentina, chlorargyrite and iodargyrite 
have been reported as the dominant Ag minerals in the oxide zone (Wardrop, 2009). At 
the Pascua deposit, which hosts both stockwork and disseminated-type ore, the dominant 
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ore minerals in the silver-enriched zones are chlorargyrite and iodargyrite (Chouinard et 
al., 2005). Selenium-bearing Ag phases have also been reported at Pascua, including 
aguilarite (Ag4SeS) and tiemannite (HgSe) (Deyell, 2001). Selenide ore minerals have 
been reported in the disseminated zones of other high-sulfidation deposits including 
Lepanto, Philippines, and Motomboto, Indonesia (Arribas, 1995).  
The Ag-iodides at Veladero are interpreted as secondary minerals resulting from 
weathering of primary ore minerals in the modern Andean climate. The presence of trace 
Ag-bearing sulfides at Veladero suggests that these may be the precursor Ag source for 
the Ag iodides. The occurrence of the Ag-iodides in vugs and fractures at Veladero is 
consistent with the interpretation of these minerals as late weathering products. 
 The origin of the jarosite at Veladero can be examined using stable isotope 
analyses (Chapter 3). Sulfur isotope analyses of jarosite from Amable and Filo Federico 
plot near or below the estimated δ34S value for bulk magmatic sulfur, confirming that the 
sulfur originates from precursor sulfides. The oxygen and hydrogen isotopes in Amable 
and Filo Federico jarosite reflect the mixing of magmatic and meteoric fluids, with 
meteoric fluids prevailing in most samples as would be expected for in situ oxidation of 
precursor sulfides. However, the jarosite textures and occurrence in vugs and fractures 
are suggestive of transport prior to precipitation, potentially implying elevated 
temperatures of the oxidizing fluids. The strong zoning of Pb, As, and Ag present in some 
jarosite samples could be consistent with a modified supergene origin wherein metals 
derived from oxidation of precursor sulfides were transported by heated fluids and 
incorporated into the jarosite. A single sample from Fabiana (outside the pit) has 
significantly elevated δ34S potentially indicative of a modified magmatic steam origin 
rather than oxidation from a precursor sulfide (Chapter 3). Elevated As content in the 
Fabiana jarosite (Chapter 3) was derived likely directly from hydrothermal fluids during 
precipitation of hypogene jarosite. No fluid inclusions were present in jarosite samples 
from this study. 
The occurrence of Veladero Au in vugs and fractures in residual quartz indicates 
that Au was deposited after the acid leaching that produced the acid-type hydrothermal 
alteration halo (Holley et al., 2012). Most of the jarosite is probably a secondary phase 
resulting from the oxidation of precursor sulfides at low or elevated temperatures, based 
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on stable isotope signatures. Therefore the relative timing of deposition of the precursor 
Ag sulfide phase cannot be determined with respect to Au based on textural relationships. 
If the jarosite were a primary phase, the encapsulation of Au by Ag-bearing jarosite could 
be used to infer that Ag mineralization occurred during to after Au mineralization at 
Amable. Regardless of the timing of jarosite formation, this mineral is an important host 
for Ag today.  
At Filo Federico, the weak spatial correlation between zones of high grade Au and 
Ag suggests that primary Au and Ag mineralization were predominately separate events 
in that area. For comparison, at the nearby Pascua deposit the main stage Au-Ag-Cu ore 
(Ag/Au < 25) is overprinted by a subsequent Ag-rich stage (Ag/Au > 100) (Chouinard et 
al., 2005). In total, either three or four mineralizing events formed the Veladero ore body: 
a single Au-Ag event at Amable, or separate Au and Ag events at Amable, followed by 
separate Au and Ag events at Filo Federico.  
Much of the recent work on high-sulfidation epithermal deposits has focused on 
the origin of the metals and the evolution of fluids during alteration and mineralization 
stages. Acidic condensates of low-salinity (<1 wt % NaCl equivalent) magmatic vapor 
are inferred to produce the leached cores and acid-type alteration halos that characterize 
high-sulfidation deposits (Rye et al., 1992). In contrast, the metals in high sulfidation 
epithermal deposits are thought to be transported by a later fluid, likely an aqueous liquid 
(Hedenquist et al., 1998; Heinrich et al., 2004).  
Metal deposition is commonly characterized by two stages at high-sulfidation 
deposits: an early stage of Cu-rich and Au-poor mineralization, followed by a later stage 
of Au-rich, Cu-poor mineralization (Arribas, 1995). Fluid inclusion studies at El Indio 
(Jannas et al., 1990) indicate that the early pyrite-enargite stage was deposited by fluids 
of intermediate salinity (3-4 wt % NaCl), and the later crosscutting high-grade Au veins 
were deposited by fluids of lower salinity (1.4 wt % NaCl). In a broader survey of high-
sulfidation deposits, the Cu stage fluids were typically at least 4 wt % NaCl and the later 
Au stage fluids were generally < 2 wt % NaCl (Arribas, 1995). Based on metal 
solubilities at epithermal deposit formation temperatures (typically less than 300ºC; 
Simmons et al., 2005), base metals and Ag in the first stage are thought to be transported 
as chloride complexes, whereas Au and Ag in the second stage are transported as sulfide 
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complexes (Henley, 1990). Heinrich (2005) proposed that the second stage fluid retains 
the high sulfide content critical for gold transport by ascending along previously altered, 
sulfidized pathways.  
The Veladero deposit has low Cu content and sulfides are extremely rare, but the 
presence of Ag in jarosite can be used to form two potential hypotheses on the stages of 
fluid evolution in this system. If the jarosite is primary, then no sulfide stage is present at 
Veladero. The Au stage would have been the first episode of mineralization both at 
Amable and Filo Federico. In this case, both Au and Ag would likely have been 
transported in low salinity fluids as sulfide complexes. As at Pascua, high Au:Ag ratios 
would have characterized the first stage versus low Au:Ag ratios in the second stage at 
both Amable and Filo Federico. If the jarosite-hosted Ag originates from precursor 
sulfides, which is the most likely hypothesis based on the available data, the Ag was 
likely deposited during an early sulfide stage from intermediate salinity fluids with 
unusually low Cu content. In this case, the Ag was likely transported as a chloride 
complex (e.g. Henley, 1990). Gold would have been transported as a sulfide complex in a 
later, lower salinity fluid (e.g. Henley, 1990). Subsequent oxidation of the Ag sulfide 
phase would have occurred at temperatures and conditions capable of transporting Fe, 





 At Veladero, gold occurs as high fineness grains of native Au, hosted in vugs and 
fractures. Gold recovery is 72% in the cyanide heap leach. However, silver occurs as an 
assortment of phases, some of which are not effectively leached in the cyanide process. 
Potentially leachable Ag phases included <0.1 m iodargyrite [AgI] and aggregates of 
<0.1 m particles containing variable concentrations of Ag, I, Br, Cl, Hg, Se, S, and Fe. 
This latter group may be clusters of multiple minerals, or a mineral phase which readily 
volatilizes under the electron beam. Phases that likely account for the low silver recovery 
at Veladero include a very rare Ag-Fe sulfide of unknown composition and abundant Ag-
bearing jarosite.  
 111
EMP analyses indicated that Ag occurs in jarosite up to 1760 ppm. LA-ICP-MS 
analyses suggest that the Ag occurs within the crystal structure. This phase is interpreted 
as a member of the jarosite-argentojarosite solid solution, wherein Ag partially substitutes 
for K. The 14 g/t average Ag grade of the deposit can be accounted for by 1-10 wt % 
jarosite containing 140-1400 ppm Ag, and quantitative XRD of Veladero ore samples 
indicates that jarosite is present at those abundances.  
Mineralization at Filo Federico began ~ 1 Ma after the conclusion of 
mineralization at Amable, and there is less spatial overlap between high grade Au and Ag 
at Filo Federico than at Amable. Jarosite characteristics are suggestive of oxidation from 
precursor sulfides, although temperatures may have been more elevated than typical for 
meteoric water. Based on this interpretation, silver would have been deposited during an 
early sulfide stage at both Amable and Filo Federico. Following a second stage of 
mineralization during which Au precipitated as native Au, sulfide oxidation mobilized 
Ag, Fe, Pb, and As which were incorporated into jarosite. Alternatively, if the Ag-bearing 




Table 4.1. Whole rock Au and Ag contents and ore mineralogy of mineralized samples from Veladero. 
 







Whole Rock Au 
g/t 
 










Jarosite wt % 
 
Average Ag in 
Jarosite ppm
 
Ag Range in 
Jarosite ppm
EHV-009 FA outcrop < 0.03 0.3 Jarosite > 10 modal % N/A < 0.98 ppm -
EHV-013 AA A4265 < 0.03 11.3 N/A 0.0%
EHV-014 AA A4265 < 0.03 0.5 Jarosite 21.7%
EHV-015 AA A4265 < 0.03 3.5 N/A 0.0%
EHV-017 AA A4265 < 0.03 0.6 N/A 0.0%
EHV-018 AA A4265 < 0.03 < 0.2 Jarosite > 10 modal % 1.3%
EHV-030 FF F4415 < 0.03 < 0.2 N/A 0.0%
EHV-031 FF F4400 < 0.03 0.4 N/A N/A < 0.98 ppm -
EHV-034 FF F4400 < 0.03 < 0.2 N/A 0.0%
EHV-059 FF F4205 0.53 19.1  Ag-Hg Iodide 80 grains 0.0%
EHV-063 FF F4205 0.73 7  Ag-Hg Iodide 1 grain 0.0%
EHV-066 AA A4430 < 0.03 0.2 Jarosite > 10 modal % N/A < 0.98 ppm -
EHV-075 AA A4145 0.03 0.3 Jarosite > 10 modal % 8.9%
EHV-076 AA A4145 0.1 0.5 Jarosite 9.1%
EHV-078 AA A4145 0.62 14.2 Jarosite 19.8%
EHV-079 AA A4145 0.43 12.5 Jarosite 10.4%
EHV-081 AA A4145 < 0.03 0.7 Jarosite 6.0%
EHV-083 AA A4145 2.37 14.6 Jarosite 1-10 modal % 0.6%
EHV-084 AA A4145 0.13 1.7 Jarosite 2.2%
EHV-087 AA A4145 < 0.03 < 0.2 N/A 0.0%
EHV-088 AA A4145 < 0.03 2.8 Jarosite 12.5%
EHV-090 AA A4145 0.4 19.5 Ag-Hg Iodide    
Jarosite 
1 grain          1-10 
modal % 
1.3%
44.82 2.33 - 213.43
EHV-091 AA A4145 < 0.03 2.9 Jarosite 9.7%
EHV-092 AA A4145 1.23 7.3 N/A 0.5%
EHV-105a AA SDH-017 18.54 26 Jarosite > 10 modal % N/A 106.73 21.02 - 176.44
EHV-106 AA SDH-017 24.77 62.2 Native Au          
Native Ag               
Ag-Hg Iodide          
Ag Sulfide             
Jarosite 
674 grains                 
3 grains         235 
grains                      





54.18 - 1111.14 
 
EHV-119 AA DDH-062 1.495 206 Iodargyrite (AgI) 157 grains N/A   
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Table 4.2. Composition and abundance of Ag-bearing minerals in mineralized samples 
from Veladero. 
Ag sulfides < 0.0008 modal %         
EHV-106    Au   Ag   Te   Br   Hg    S   Fe    I   As   Cu 
whole rock assay: 62.6 ppm Ag 0.00 39.83 0.04 0.23 0.00 12.53 10.97 0.00 0.04 0.08
Maximum sample Ag accounted for by Ag sulfides: 3.3 ppm
Hg-Ag iodides < 0.0033 modal %         
EHV-106   Au   Ag   Te   Br   Cl   Hg   Se    S   Fe    I 
whole rock assay: 62.6 ppm Ag 0.08 40.51 0.08 0.12 0.12 20.62 2.27 2.70 0.32 29.34
0.00 21.54 0.00 0.57 2.47 32.74 8.19 4.17 0.16 14.59
0.00 32.22 0.03 0.10 0.11 14.18 2.73 3.11 1.37 24.03
0.01 2.61 0.00 1.33 1.60 43.38 7.17 2.74 0.82 0.13
0.00 0.39 0.00 0.00 0.46 38.15 1.11 1.72 0.08 0.10
0.02 12.08 0.04 0.14 0.90 13.54 0.04 0.96 0.24 3.58
0.11 1.76 0.00 5.01 0.12 0.63 0.40 3.08 13.55 2.96
0.03 1.02 0.00 0.10 0.23 12.75 3.56 0.92 0.00 1.12
avg EMP analyses 0.03 14.02 0.02 0.92 0.75 22.00 3.18 2.43 2.07 9.48
Maximum sample Ag accounted for by Hg-Ag iodides: 4.7 ppm
                
Ag iodides < 0.0012 modal %         
EHV-119   Au   Ag   Te   Br   Cl   Hg   Se    S   Fe    I 
whole rock assay: 206 ppm Ag 0.00 50.41 0.05 0.00 0.02 0.00 0.00 0.02 0.03 47.00
0.08 43.23 0.00 0.16 0.06 0.00 0.00 0.02 0.06 36.82
0.14 43.43 0.01 0.28 0.04 0.00 0.00 0.01 0.00 36.27
0.00 48.32 0.01 0.25 0.08 0.01 0.00 0.05 0.02 44.49
0.06 39.39 0.00 0.47 0.06 0.00 0.00 0.03 0.04 42.24
0.00 44.68 0.09 0.17 0.06 0.00 0.00 0.00 0.09 49.01
0.00 53.14 0.05 0.00 0.06 0.03 0.00 0.01 0.00 44.83
0.19 46.64 0.06 0.24 0.06 0.10 0.02 0.00 0.03 54.98
0.14 44.38 0.10 0.15 0.05 0.09 0.00 0.00 0.03 57.27
0.00 46.55 0.06 0.21 0.08 0.01 0.00 0.01 0.00 56.39
0.06 47.12 0.05 0.21 0.09 0.00 0.02 0.01 0.00 54.95
0.09 48.80 0.00 0.01 0.06 0.00 0.03 0.01 0.00 48.14
0.00 28.47 0.05 0.21 0.08 0.00 0.00 0.02 0.43 43.32
0.11 49.10 0.18 0.23 0.05 0.04 0.00 0.00 0.04 52.67
0.04 39.80 0.07 0.08 0.05 0.00 0.00 0.01 0.04 48.82
avg EMP analyses 0.06 44.90 0.05 0.18 0.06 0.02 0.00 0.01 0.05 47.81












Epithermal deposits host 8% of the world’s gold endowment including current 
reserves and past production (Frimmel, 2008). High-sulfidation type epithermal deposits 
have been the focus of increased exploration interest in the last decade based on several 
recent world-class discoveries (Sillitoe, 2000). In several cases, mineralization in the 
high-sulfidation epithermal environment appears to be genetically linked to deeper 
porphyry deposits (e.g. Arribas et al., 1995; Hedenquist et al., 1998; Einaudi et al., 2003; 
Pudack et al., 2009).  
In the porphyry environment, the early quartz phase that forms in association with 
potassic alteration is typically barren. Ore minerals are texturally distinct and 
predominately associated with deposition of later quartz (Redmond et al., 2004; 
Landtwing et al., 2010; Bennett et al., 2011). Similarly in the high-sulfidation 
environment ore deposition is thought to be a separate event from early advanced argillic 
alteration which produces the residual “vuggy” quartz typical of high-sulfidation 
epithermal deposits (Arribas, 1995).  
In the shallow (<1.5 km paleodepth) high-sulfidation environment, hot magmatic 
vapor condenses into meteoric water, producing the sulfuric acid that results in acid-type 
alteration (Rye et al., 1992). Numerous studies are in agreement that the magmatic vapor 
exsolves from a magma body and ascends as a vapor from the two-phase liquid plus 
vapor field in the H2O-NaCl system (e.g. Hedenquist and Lowenstern, 1994; Arribas, 
1995; Hedenquist et al., 1998; Heinrich et al., 2004; Williams-Jones and Heinrich, 2005). 
The coexisting hypersaline liquid phase is thought to produce the potassic alteration and 
abundant early quartz veins in porphyry deposits (e.g. Hedenquist et al, 1998; Redmond 
et al., 2004; Heinrich, 2005). 
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Mineralization at high-sulfidation deposits is commonly characterized by two 
stages: an early stage of Cu-rich and Au-poor mineralization, followed by a later stage of 
crosscutting Au-rich, Cu-poor mineralization (Arribas, 1995). Little is known about the 
fluid evolution between base metal and precious metal mineralization in high-sulfidation 
deposits, and there is much discrepancy in recently published literature regarding the 
nature and origin of the fluids responsible for the base metal stage.  
Hedenquist et al. (1998) proposed that as the magma reservoir cools and the 
isotherm retracts to greater depth, a later, critical-type fluid exsolves, into which the base 
metals partition. This fluid ascends and cools as a single phase without crossing the two-
phase boundary in the H2O-NaCl system. Several publications in the last decade 
(Heinrich et al., 2004; Heinrich, 2005, 2007; Williams-Jones and Heinrich, 2005; Pudack 
et al., 2009) agree that the mineralizing fluid is exsolved from a cooling pluton at greater 
depth than the alteration fluids. However, Williams-Jones and Heinrich (2005) infer that 
the base metals are transported in an initially single-phase fluid of intermediate density 
that undergoes phase separation by condensing out a small quantity of hypersaline liquid. 
Heinrich (2005) points out that if this vapor-like fluid cools at pressures above the liquid 
plus vapor coexistence boundary surface (Driesner and Heinrich, 2007), it will undergo 
isochemical contraction to an aqueous liquid as it passes over the critical curve (Figure 
5.1). In contrast, Mavrogenes et al. (2010) suggested that sulfide textures and vapor rich 
inclusion decrepitation behavior in some sulfide-gold high-sulfidation epithermal lode 
deposits are indicative of an early stage of Cu deposition that occurs from decompressing 
vapors at temperatures in excess of 600C; these vapors are not necessarily distinct from 
the vapors which generate advanced argillic alteration.  
CL microscopy of quartz from the Veladero high-sulfidation deposit, Argentina, 
revealed the presence of a stage of quartz that precipitated, after the acid leaching which 
produced residual quartz and before to during precipitation of metal-bearing phases. The 
precipitation of quartz is a novel line of evidence that documents the change in fluid 
chemistry between alteration and mineralization stages in high-sulfidation deposits. This 
quartz phase lends support to the hypothesis that the metals are transported in low-
temperature hydrothermal liquids to form the large tonnage, disseminated-type ore bodies 
which comprise the bulk of high-sulfidation deposits (White and Hedenquist, 1995), not a 
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high-temperature vapor (Mavrogenes et al., 2010; Henley and Berger, 2011). In this 
study, the properties of this late quartz generation are identified and contrasted to the 
residual quartz using thin section petrography, fluid inclusion studies, SEM 
investigations, CL microscopy, and EMP analyses. 
 
 
Figure 5.1. P-T-X phase diagram of the H2O-NaCl model system, showing potential fluid 
pathways of Heinrich (2005) (burgundy) and Mavrogenes et al. (2010) (yellow). Figure 
modified from Driesner and Heinrich (2007). 
 
 
5.2 The Veladero Deposit 
 
Veladero is a world-class high-sulfidation epithermal deposit in the Central 
Andean Cordillera Frontal of Argentina. Veladero lies near the northern end of the El 
Indio-Pascua Au-Ag-Cu belt, which extends over 150 km from 2920’ to 3030’ S 
latitude along the Argentina-Chile border (Figure 5.2). The belt also hosts the economic 
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El Indio, Pascua-Lama, and Tambo high-sulfidation deposits, and numerous zones of 
barren acid-type alteration, all of which are broadly related to Miocene volcanism in the 
Andean Cordillera (Charchaflié et al., 2007). Deposits in the El Indio-Pascua belt are 
predominately hosted in a thick package (up to 1500 m) of late Oligocene to early 
Miocene volcanic and intrusive rocks.  
The Veladero deposit is predominately hosted in breccias of the Miocene Cerro de 
las Tórtolas (16.0-14.9 Ma) and Vacas Heladas (12.7-11.0 Ma) Formations. The Cerro de 
las Tórtolas Formation is composed of andesitic to dacitic lavas and related porphyritic 
intrusions, as well as volcanic breccias, tuffs, and other volcaniclastic rocks, and the 
Vacas Heladas Formation consists of andesitic to dacitic subvolcanic and ignimbritic 
rocks (Charchaflié et al., 2007). The deposit is interpreted to be hosted by a complex of 
volcanic domes, diatremes, and other discordant breccia bodies interfingering with, and 
mantled by, a stratigraphically thick apron of volcaniclastic deposits.  
Veladero contained reserves of 12.2 Moz of fine-grained disseminated gold and 
226.2 Moz of silver at the end of 2008, hosted in two nearly coalescing subhorizontal ore 
bodies that extend from approximately 3950 to 4400 m above sea level (Barrick Gold 
Corporation, 2008). The deposit has been in production since 2005. Ore minerals (Figure 
5.3a,b) and acid-type hydrothermal alteration (Figure 5.4) occur at two adjacent centers: 
the Filo Federico area in the north, and the Amable area in the south. Each alteration 
center is characterized by a core of intense quartz-alunite alteration enveloped by zones 
of quartz-illite and chlorite-epidote alteration. Tabular horizons of steam-heated alteration 
overlie other alteration types in some parts of the deposit; this alteration facies is 
interpreted to have formed above the paleowater table (cf. Rye et al., 1992). The quartz-
alunite zones at both alteration centers are volumetrically dominated by fine-grained 
anhedral quartz with up to 30% void spaces, hereafter referred to as vuggy or residual 
quartz. Zones of major silicification also occur at Filo Federico and Amable, wherein 
later quartz has been precipitated after the leaching of the host rock to vuggy quartz. At 




Figure 5.2. Location of the Veladero high-sulfidation deposit. A: El Indio-Pascua belt in 
the Andean Cordillera spanning the Chile-Argentina international border (modified from 
Bissig et al., 2001). The El Indio-Pascua belt occurs at the central portion of the Central 
Andean amagmatic flat slab subduction zone, south of the Maricunga belt and north of 
Los Pelambres-Pachon. B: Locations of significant deposits and prospects in the El Indio-
Pascua belt (modified from Bissig et al., 2001). The Veladero deposit is located near the 







Figure 5.3. Plan view of the Veladero deposit showing the distribution of metal grades. 
A: Gold grades. B: Silver grades. FF= Filo Federico pit, AA= Amable pit (modified from 










A suite of samples of vuggy quartz was collected from pit benches and diamond 
drill core at Veladero. Over 700 meters of topographic relief are exposed in each of the 
two open pits, and the sample suite covered the full range of exposure and a range of 
alteration and mineralization intensities. Vuggy quartz was described in hand sample and 
thin section. Sample splits were analyzed for Au by fire assay with a gravimetric finish 
and for Ag by aqua regia digestion and ICP-OES at Actlabs, Ontario. Gold and silver 
were identified in thin section using QEMSCAN particle mineral analysis and trace 
mineral search, both at 25 keV, a beam current of 5 nA, and 4 μm step size, scanning for 
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phases brighter than a BSE value of 115. Quartz, gold, and silver were characterized by 
SEM and EMP investigations. SEM characterization was conducted on an FEI Quanta 
600 instrument with a PGT Prism 2000 EDS; high-contrast backscatter electron images 
were collected at an accelerating voltage of 25kV, a 4 μm beam diameter, and a working 
distance of 11 mm. EMP analyses were conducted on a JEOL 8900 microprobe, with 
operating accelerating voltage at 10kV, a nominal beam current of 20nA and a spot beam. 
Optical cathodoluminescence (CL) microscopy was conducted on polished, carbon 
coated thin sections using a HC5-LM hot cathode CL microscope by Lumic Special 
Microscopes, Germany. This instrument allows inspection of the thin sections under 
electron bombardment in a modified Olympus BXFM-S optical microscope. The 
microscope was operated at 14 kV and with a current density of ca. 10 mA mm-2 (Neuser 
et al., 1995). CL images were captured using a high sensitivity, double-stage Peltier 
cooled Kappa DX40C CCD camera, with acquisition times ranging from 4 to 10 seconds. 
Fluid inclusions were examined in hundreds of quartz clasts from key Veladero 
lithologies with the aim of characterizing the type of fluids responsible for the alteration 
and mineralization. Fluid inclusions were studied in doubly polished thick (60 μm) and 
regular thin sections using a petrographic microscope. Techniques of classifying fluid 
inclusions followed those outlined by Bodnar et al. (1985). CL microscopy was 
conducted on the same sections to identify different quartz generations hosting the fluid 
inclusions. 
 
5.4 Veladero Ore-hosting Breccias 
  
Veladero ore is hosted in volcanic, volcanogenic sedimentary, and hydrothermal 
breccias. All mineralized and most unmineralized units at Veladero contain altered 
volcanic quartz clasts visible in hand specimen, from 1 mm to 15 cm in size. 
Morphologies range from angular jigsaw-fit fragments to rounded or milled clasts. Most 
clasts are well-rounded and are composed of massive milky beige to dark grey or black 
quartz of chalcedonic appearance. Rarer clasts of angular to well-rounded vuggy quartz 
also occur. Other clast types have been recognized, including wispy or flattened juvenile 
clasts, and clasts of andesitic feldspar porphyry. Breccia matrices range from rock flour 
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(most common for unmineralized samples) to quartz cement (most common for 
mineralized samples). In thin section, most Veladero samples contain > 90 modal % 
quartz. Because most breccias contain quartz clasts, the term “silicified” is reserved for 
breccias containing quartz cement. 
Quartz occurs in several different forms: partially resorbed magmatic phenocrysts, 
fine-grained (2-15 m) aggregates of quartz grains as clasts, fine-grained (2-5 m) quartz 
groundmass, and relatively coarse-grained (10-100 m) fracture-controlled euhedral 
quartz rimming or filling vugs and fractures. This fracture-controlled euhedral quartz 
generation is the quartz cement or “silicification” visible in hand sample. Fine-grained 
quartz groundmass and clasts appear cloudy and slightly brown in plane polarized light, 
with abundant fluid and mineral inclusions in the core of each crystal (Figure 5.5). SEM 
and EMP analyses reveal that mineral inclusions include pyrite, rutile, zircon, and native 
Pb. The latter typically occurs in fractures and vugs, and it is possible that it represents an 
artifact from thin section preparation. The fluid inclusions are nearly ubiquitously vapor-
rich (see below). Fracture-controlled quartz is relatively clean with few mineral 
inclusions and no fluid inclusions. This quartz type is euhedral and shows oscillatory 
growth zoning on the 1-3 m scale within 10-100 m crystals (Figure 5.5). Fracture-
controlled quartz is clearly later than the other quartz types, commonly occurring as rims 
or overgrowths on the fine-grained quartz. 
 
5.5 Veladero Ore  
 
Veladero gold occurs as 5-25 m particles of native Au, disseminated in vugs and 
fractures (Figure 5.6). There is no evidence for quartz precipitation contemporaneous 
with Au mineralization; the Au grains are never encapsulated by quartz. EMP analyses 
indicate that gold is typically >800 fineness. Silver occurs in vugs and fractures. EMP 
analyses indicate that the silver occurs as 1-5 m particles of native Ag, acanthite [Ag2S], 
and iodargyrite [AgI]. Significant silver also occurs as a member of the jarosite - 
argentojarosite [AgFe3(SO4)2(OH)6] solid solution. Bands of iron oxide mineral 
inclusions occur along growth zones within the fracture-controlled euhedral quartz 
(Figure 5.6).  
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Figure 5.5. Quartz-rich samples from Veladero. A: Hand sample of Amable breccia with 
quartz clasts in a vuggy quartz + alunite matrix. B: Hand sample of Filo Federico breccia 
with quartz clasts in a vuggy quartz matrix with late fracture-controlled quartz cement. C: 
Amable sample; note that quartz clast is hosted in vuggy residual quartz, PPL. D: Filo 
Federico sample; note that quartz clast is hosted in brown residual vuggy quartz with late, 
transparent quartz cement, PPL. E: Amable sample; note orange alunite laths in matrix, 
CPL. F: Red area from D; note inclusion-free, oscillatory growth zoned late quartz rims 





Figure 5.6. Photomicrographs of textural relationships between quartz and other phases. 
A: Bands of Fe oxide inclusions along oscillatory growth zones in euhedral, fracture-
controlled quartz, PPL. B: Intergrowths of Fe oxide and fracture-controlled, euhedral 
quartz, PPL. C: Euhedral, zoned quartz infilling a fracture within residual quartz; note the 
grain of native Au in the vug. The textural relationship suggests that gold deposition is 
syn- or post-fracture-controlled quartz, PPL. D: Reflected light image of the same area, 
showing native Au within vug lined with fracture-controlled quartz. D: Euhedral, zoned 
quartz lining a vug margin in residual quartz; note Au grain in the vug, PPL. F: Reflected 
light image of the same area showing the vug-hosted Au.   
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Initial precipitation of the iron oxide, or possibly of a sulfide precursor that  has been 
subsequently oxidized, appears to have been synchronous with fracture-controlled quartz 
crystallization. 
 
5.6 Optical Cathodoluminescence of Quartz 
 
Optical CL microscopy (cf. Götze et al. 2001, 2004) provided an effective means 
of distinguishing different quartz generations at Veladero. Fine-grained quartz clasts and 
matrix range from bright pink to muted purple and blue in CL (Figure 5.7). The fracture-
controlled quartz has an intensely bright yellow luminescence that fades rapidly to a deep 
orange or brown during exposure to the electron beam; this quartz occurs as networks of 
veinlets which cross-cut other quartz types and line or fill vugs and fractures. Crystals 
range from 10-100 m, with oscillatory growth zoning visible on the 1-5 m scale. This 
type of late quartz does not occur in the unmineralized breccias that lack quartz 
cementation on the hand-sample scale, but it is ubiquitous in silicified breccias.  
 
5.7 Fluid Inclusions in Quartz 
 
Residual quartz at Veladero contains vapor-rich inclusions. These < 5 m 
inclusions are relatively equant in shape and are completely dark, and thus presumably 
filled with vapor (Figure 5.8a,b). The vapor-rich inclusions are very abundant, giving the 
residual quartz a cloudy appearance in thin section. In contrast to the residual quartz, no 
fluid inclusions were found within the fracture-controlled euhedral quartz. A large 
number of thin sections was examined without success. 
Several quartz fragments in one highly mineralized hydrothermal breccia sample 
from the Amable pit (18.7 g/t Au, 50 g/t Ag) were found to contain 5-15 m trails of 
primary fluid inclusions characteristic of porphyry systems: critical-type liquid 
inclusions, vapor-rich inclusions, hypersaline liquid inclusions, and low salinity liquid-
rich inclusions (Figure 5.8d). Under optical CL, these quartz fragments are dominantly 
blue with cross-cutting zones of red-brown luminescence (Figure 5.8c).  
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Figure 5.7. Photomicrographs of different quartz generations at Veladero. A: Inclusion-
free, euhedral quartz filling fractures in residual quartz; yellow is epoxy, PPL. B: CL 
image of the same area showing that the inclusion-free, euhedral quartz has an orange 
luminescence and residual quartz is blue. Epoxy is green. C: Residual quartz rimmed by 
euhedral quartz along a vug margin, PPL. D: CL image of the same area showing that the 
purple residual quartz is rimmed by bright yellow euhedral quartz along a vug margin. E: 
Oscillatory zoned, euhedral quartz rimming residual quartz and infilling a vug, PPL. F: 
CL image of the same area at larger magnification. Oscillatory zoned, euhedral quartz is 
bright yellow in CL; this quartz rims blue and purple residual quartz and infills a vug. 
White box shows location of E. 
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Figure 5.8. Photomicrographs of different quartz types from Veladero and their 
respective fluid inclusion inventories. A,B: Residual quartz from Filo Federico with 
abundant vapor-rich inclusions,. PPL. C: Blue/purple vein quartz fragment in Amable 
breccia with red-brown alteration; the vein quartz fragment and other clasts are 
encapsulated in bright yellow euhedral quartz, CL. D: Critical-type (top center), halite-
saturated (right of / below center), and liquid rich halite-undersaturated (bottom center) 
fluid inclusions in the vein fragment from C, PPL.  
 
 
This quartz fragment is encapsulated by bright yellow luminescing quartz and occurs in a 
matrix of fine-grained, residual quartz. The ore minerals occur in vugs and fractures, 
post-dating the emplacement of the quartz fragment in the breccia and encapsulation by 
yellow luminescing quartz. 
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5.8 Trace Element Characterization of Quartz 
 
EMP spot analyses and element maps of Veladero quartz (Figure 5.9) indicate 
that the earlier, residual quartz consistently contains higher aluminum contents than the 
late, fracture-controlled quartz. Early residual quartz contains 100 to 1600 ppm Al, 
whereas late fracture-controlled quartz Al content is generally below 100 ppm. Titanium 
concentrations were weakly elevated in residual quartz relative to fracture-controlled 
quartz; the former contained up to 200 ppm Ti while Ti values in the latter were generally 
less than 80 ppm. No consistent pattern was observed for potassium abundances in the 
residual versus fracture-controlled quartz types.  
 
5.9 Discussion of Fluid Evolution at Veladero: Evidence from Fluid Inclusions in 
Quartz Fragments 
 
Much can be learned from the Amable quartz fragments that contain porphyry-
type fluid inclusions and are encapsulated in fracture-controlled quartz. The negative 
crystal shaped critical type inclusions typically form at pressures above the two-phase 
liquid plus vapor field in the H2O-NaCl system (e.g. Bodnar and Vityk, 1994). The 
hypersaline liquid and vapor-rich inclusions are known to form within the two-phase field 
of the H2O-NaCl system. In many porphyry systems, potassic alteration formed at 
temperatures above approximately 450C is associated with quartz veins containing these 
hypersaline liquid inclusions (e.g. Redmond et al., 2004; Williams-Jones and Heinrich, 
2005). The oscillatory growth zoning of the quartz fragment is consistent with porphyry 
vein quartz associated with potassic alteration (Bennett et al., 2011). It is therefore 
concluded that the occurrence of the vein fragment is evidence of a porphyry intrusion at 





Figure 5.9. Chemical composition of different quartz types from Veladero. A: Cloudy, 
fluid and mineral inclusion-rich residual quartz rimmed by transparent, inclusion-free 
euhedral quartz, PPL. B: CL image of approximately the same area. C: BSE image of the 
same area showing the presence of rutile grains. D: Ti map obtained by EMP analysis. E: 
K map obtained by EMP analysis. F: Al map obtained by EMP analysis, warm colors 
represent high concentrations and cool colors represent low concentrations (in ppm); Ti 
and Al are depleted in the fracture-controlled quartz relative to the residual quartz. 
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The observations of the present study suggest that the vein quartz that hosts the 
hypersaline liquid inclusions experienced a second phase of alteration at depth, which is 
represented by the crosscutting zone of red-brown CL and associated low-salinity liquid 
inclusions. Similar luminescence (Bennett et al., 2011) and fluid inclusion characteristics 
(Hedenquist et al., 1998; Bennett et al., 2011) have been recognized in vein quartz 
associated with sericite-chlorite alteration at the Far Southeast porphyry Cu-Au deposit, 
Philippines. At Far Southeast, the ore minerals appear to have formed during or after the 
deposition of this quartz type at temperatures below 400C (Hedenquist et al., 1998; 
Bennett et al., 2011). Similar observations are also recorded at the Santa Rita deposit in 
New Mexico, USA, where low-salinity liquid inclusions also appear to be associated with 
mineralization (Reynolds and Beane, 1985). In analogy to these well-studied porphyry 
deposits, it is concluded that the porphyry intrusion underlying the Veladero epithermal 
deposit underwent a similar event during which vein quartz associated with earlier 
potassic alteration was partially altered by a low-salinity fluid, causing sericite-chlorite 
alteration. It is possible that the porphyry at Veladero is mineralized as this low-salinity 
liquid is responsible for sulfide deposition in porphyry deposits. 
Following this alteration event, the vein quartz was brought up to shallow levels 
by the hydrothermal eruption causing breccia formation. It appears possible that 
significant erosion occurred prior to the hydrothermal breccia formation, bringing the 
shallow environment closer in elevation to the porphyry.  
Following the formation of the hydrothermal breccia, the vein quartz fragment 
and the other clasts in the breccia experienced acid-type hydrothermal alteration, 
resulting in the formation of vuggy quartz. This episode of epithermal-style alteration is 
probably related to a younger porphyry system that is unrelated to the one that initially 
produced the vein quartz at depth. This porphyry intrusion likely occurred deep below the 
inferred earlier porphyry intrusion. The last hydrothermal events recorded by the 
hydrothermal breccia resulted in the formation of the late, bright yellow luminescing 
euhedral quartz and subsequent deposition of the Au and Ag ore minerals. 
The textural relationships and fluid inclusions suggest that the inferred porphyry 
underlying Veladero is older than the high-sulfidation epithermal mineralization mined at 
the deposit. This indicates that the Veladero area has been the center of multiple 
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hydrothermal and mineralizing events over a period of several million years, which is 
consistent with the results of the dating study on alunite and jarosite (Chapter 3). 
 
5.10 Discussion of Fluid Evolution in High-Sulfidation Deposits: Evidence from 
Fracture-Controlled Quartz 
  
The observations of the present study highlight that vuggy silica formation at 
Veladero comprises two distinct stages. The widely used term “silicification” is 
inappropriate to describe alteration of the volcanic rock causing an overall increase in 
quartz content as there is a difference between proportional increase of quartz residuum 
by leaching of other phases and the actual precipitation of quartz. The fine-grained quartz 
clasts and fine-grained quartz cement at Veladero are interpreted as residual quartz 
resulting from pervasive acid-type leaching in the epithermal environment. However, the 
later fracture-controlled quartz represents a period during which quartz was precipitated, 
rather than selectively remaining as a residual phase. Identification of these two distinct 
processes has significant implications for understanding of the fluid evolution in the high-
sulfidation epithermal environment.  
Precipitation of at least some of the metal-bearing phases (as indicated by the 
presence of iron oxides) at Veladero was clearly contemporaneous with the fracture-
controlled quartz phase. Hypogene sulfides likely precipitated during fracture-controlled 
quartz crystallization, with subsequent supergene alteration. The sulfate minerals at 
Veladero lack fluid inclusions which might indicate conditions of formation. 
Precipitation of the fracture-controlled quartz phase was followed by Au mineralization 
at Veladero, with no contemporaneous quartz precipitation. In contrast to the sulfide 
stage, the Au was precipitated from a fluid incapable of precipitating quartz; this is clear 
evidence for a difference in fluid composition or physical properties between the sulfide 
stage and the gold stage at Veladero. 
The findings of the present study contradict the recently suggested model of high-
sulfidation epithermal deposit formation by Mavrogenes et al. (2010). According to those 
authors, base metals in high-sulfidation deposits are deposited via condensation of 
sulfosalt melts during nearly isothermal decompression of a vapor phase that 
 132
simultaneously deposits -quartz at temperatures above 575C. Henley and Berger 
(2011) proposed that low-grade, disseminated type high-sulfidation deposits form due to 
trapping of these expanding magmatic vapors ascending through lode-type feeders.  
It is difficult to envision that quartz precipitation could occur from the same fluid 
that leaches the host rock during acid-type alteration. Although temperature estimates for 
quartz formation could not be performed for the residual quartz and the late euhedral 
quartz, the observed differences in trace element abundances, especially the higher Ti 
content in the residual quartz (cf. Wark and Watson, 2006), suggest that the two types of 
quartz formed at different temperatures. Solubility constrains also suggest that the two 
quartz types formed from fluids of different acidities. A highly acidic fluid would not 
likely precipitate significant quantities of euhedral quartz. 
The abundance of vapor-rich inclusions in the residual quartz implies that the 
vuggy quartz formed during interaction of the volcanic rocks with a magmatic vapor at 
high temperature. In contrast, the euhedral quartz is interpreted to be a precipitate from 
lower temperature hydrothermal fluids that could represent a cooling single phase fluid 
(Hedenquist et al., 1998) formed by isochemical contraction of a vapor-like single-phase 




Several quartz fragments at Veladero contain fluid inclusions indicative of a 
porphyry intrusion beneath the Veladero deposit. CL and fluid inclusion characteristics 
are identical to altered porphyry vein quartz from other mineralized deposits, suggesting 
that the intrusion beneath Veladero may be mineralized. Thin section petrography, SEM 
observations, EMP analyses, and CL microscopy revealed the presence of two main types 
of quartz at Veladero in addition to the vein quartz fragments: fine-grained aggregates of 
anhedral quartz as clasts and matrix, and coarse-grained euhedral fracture-controlled 
quartz containing growth zone-parallel bands of iron oxide mineral inclusions. The 
former type is interpreted as residual or “vuggy” quartz remaining after the acidic 
alteration generated by interaction of magmatic vapor with meteoric water at shallow 
depth below the water table. The latter quartz generation is inferred to represent a later 
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stage of lower temperature quartz precipitation, syn-base metal and pre-precious metal 
mineralization. The late fracture-controlled quartz is presented as evidence that the first 
stage of ore metals are not deposited from the magmatic vapors that caused the acid-type 
alteration in high-sulfidation deposits, but by later, low-temperature magmatic-









The Veladero deposit served as a case study through which some of the key 
questions regarding the formation of high-sulfidation epithermal deposits could be 
examined. The relative timing of volcanism, alteration, and mineralization was elucidated 
at Veladero, with broader implications for exploration in the El Indio-Pascua belt and in 
other regions of flat slab subduction. Characterization of the alteration and ore minerals 
provide new insights on silver recovery at Veladero and potentially at other high-
sulfidation epithermal deposits. The identification of two distinct quartz generations at 
Veladero enable new conclusions to be drawn regarding the fluid evolution of magmatic-
hydrothermal systems forming high-sulfidation precious metal deposits. 
 
6.1 Veladero Geology 
  
The dominant volcanic rock types at the Veladero deposit are stratified and 
massive units interpreted to be products of pyroclastic eruptions. These units are inferred 
to be of Cerro de las Tórtolas age (16.0 ± 0.2 to 14.9 ± 0.7 Ma; Bissig et al., 2001) at 
Amable in the southern part of the Veladero area, and Vacas Heladas age (12.7 ± 0.9 to 
11.0 ± 0.2 Ma; Bissig et al., 2001) in the northern part of Veladero at Filo Federico. A 
wide variety of other polymict breccia units are present but volumetrically less 
significant, and these are interpreted as pyroclastic tuffs, resedimented syn-eruptive mass 
flow deposits, fluvially reworked volcanogenic sedimentary rocks, and phreatomagmatic 
diatreme facies. The volcanic package at Veladero represents a coalescing complex of 
volcanic domes, diatremes, and discordant hydrothermal breccias mantled by a thick 
apron of volcaniclastic deposits. 
A quartz-cemented, weakly bedded breccia containing silicified clasts crosscuts 
the volcaniclastic units in multiple irregularly shaped to pipe-like bodies. This unit is 
interpreted as a hydrothermal breccia formed in association with the hydrothermal 
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system. Acid-type alteration of the wall rocks accompanied or shortly followed 
emplacement of the hydrothermal breccia units, resulting in intense alteration of the 
entire volcanosedimentary package. The intensely altered rocks are dominantly composed 
of quartz with variable amounts of alunite, jarosite, and kaolinite. The Veladero deposit is 
characterized by two coalescing hydrothermal centers, the cores of which are less than 2 
km apart. Hydrothermal activity occurred as multiple pulses during the Middle Miocene, 
with early phases centered at Amable and later phases centered at Filo Federico.  
Textural relationships between alteration minerals and ore phases help place 
constraints on the timing of ore deposition. At Veladero, alunite alteration both precedes 
and post-dates gold deposition. Jarosite formation post-dated alunite precipitation. Gold 
deposition clearly occurred prior to jarosite alteration, as evidenced by grains of native 
Au that are encapsulated by jarosite. Silver mineralization may have been synchronous 
with gold mineralization as Ag sulfides, or with jarosite alteration as argentian jarosite. 
Alunite and jarosite 40Ar-39Ar ages and U-Pb zircon ages of crosscutting feldspar-phyric 
rocks restrict mineralization at Amable to the period from 15.4 to 12.14  0.11 Ma, 
probably commencing closer to 12.7 Ma. At Filo Federico, Au mineralization 
commenced after the beginning of alunite alteration at 11.05  0.12 Ma.  
Alunite stable isotope signatures are characteristic of a magmatic-hydrothermal 
origin. Although the magmatic contribution was dominant, mixing with meteoric waters 
was more extensive than at other previously studied deposits of the El Indio-Pascua belt. 
Jarosite δ34S values cluster near the value for bulk magmatic sulfur, suggesting that they 
formed by oxidation from precursor sulfides. Jarosite hydrogen and oxygen isotopes 
reflect mixing of magmatic-hydrothermal and meteoric fluids, with the meteoric water 
signature prevailing for all but one sample from the nearby Fabiana prospect. However, 
the textural occurrence of jarosite infilling vugs and fractures suggests that Amable and 
Filo Federico jarosite may not have a strictly supergene origin; jarosite was precipitated 
from a relatively oxidizing fluid of potentially elevated temperature. 
Significant Ag was detected in the jarosite. It is likely that the jarosite-hosted Ag 
originates from precursor sulfides, in which case the Ag was originally deposited during 
an early sulfide stage of mineralization with low Cu content. At Veladero, native gold (> 
800 fineness) is vug and fracture-hosted and would have been deposited in a later event. 
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Subsequent sulfide oxidation and sulfate mineral precipitation would have enabled the 
Ag to be incorporated into jarosite, which encapsulates Au in some highly mineralized 
samples. Alternatively, if the jarosite is primary then no sulfide stage of mineralization 
occurred at Veladero. If no sulfide stage occurred, the Au/Ag ratios must have decreased 
substantially during precious metal mineralization in order to account for post-Au jarosite 
as the dominant Ag-bearing phase. 
Jarosite δD values indicate that the Veladero deposit was located at a topographic 
high during alteration and mineralization. The Veladero ore body currently sits at 3950 to 
4400 m elevation in a structural graben. Charchaflié et al. (2007) inferred downfaulting to 
have occurred between ~16 and 14 Ma at Veladero, but the isotopic data of the present 
study suggest that at least some of the downfaulting may have occurred after the main 
hydrothermal events.  
 
6.2 Veladero Exploration Implications 
 
Mineralization at other deposits in the El Indio-Pascua belt occurred from 9.5 to 
6.2 Ma (Bissig et al., 2001), but mineralization ages at Veladero indicate that alteration 
centers as old as 12.7 Ma may be prospective for significant Au and Ag in this belt. 
Numerous alteration centers of 14-10 Ma age exist in the El Indio-Pascua belt; many of 
these have previously been considered barren (Bissig et al., 2002) but some may merit 
renewed exploration. The new ages from Veladero extend the potential period of El 
Indio-Pascua belt high-sulfidation epithermal mineralization closer to the age of the 
Azufreras-Torta pediment surface incision (14-12.5 Ma), prior to the development of the 
Los Ríos surface (10-6 Ma; Bissig et al., 2002). Mineralization in the El Indio-Pascua 
belt had previously only been attributed to development of the Los Ríos surface (Bissig et 
al., 2002), but incision of the Azufreras-Torta surface may have governed the 
hydrodynamics of the hydrothermal system during mineralization at Veladero and 
elsewhere in the belt. 
Limited volcanism during the formation of the other deposits in the El Indio-
Pascua belt has been linked to a shallowing in dip of the subducting slab beneath the 
Central Andes in the Late Miocene (Bissig et al., 2003). The same may be true at 
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Veladero. However, an important subtlety is that Veladero did not form during a period 
of absolute volcanic quiescence. The main phase of hydrothermal activity at Amable 
appears to have been followed by the deposition of significant volumes of pyroclastic 
material at nearby Filo Federico. At Amable, the volcanic system appears to have still 
been active after the initial phases of magmatic-hydrothermal activity and jarosite 
alteration. The occurrence of syn- to post-hydrothermal volcanic rocks at each center is 
however volumetrically limited.  
At Veladero there is spatial and temporal overlap between volcanism, 
emplacement of porphyry-style intrusions, and magmatic-hydrothermal activity. The 
volcanic system appears to have been a key source of fluids and metals for deposit 
formation at Veladero, based on the fact that hydrothermal activity occurred during the 
waning period of volcanism at the two main centers of alteration and mineralization. 
High-sulfidation deposits may have formed elsewhere in the Andes during periods of 
volumetrically limited volcanism or during the waning stages of volcanic activity. Similar 
processes may have been active elsewhere in the Central Andean flat slab segment, the 
Peruvian flat slab segment, or the Bucaramanga flat slab segment in the northern Andes. 
Within these structural provinces, volcanic centers that produced rocks of unusually 
oxidized composition during the advanced stages of slab flattening may be prospective 
for high-sulfidation deposits.   
Recent work has shown that most of the Andes experienced historic periods of 
shallow subduction, including an Eocene to Miocene flat slab zone encompassing the 
present day Central Andean Volcanic Zone (Ramos and Folguera, 2009). That study also 
identified inferred zones of previous flat slab subduction dating back to the Paleozoic. 
High-sulfidation deposits have shallow formation depths and are susceptible to erosion. 
Based on these features and the possibility of burial by subsequent volcanic activity, 
zones of paleo flat slab subduction that have since returned to normal subduction 
geometry are not inferred to be prospective for high-sulfidation epithermal deposits. In 
addition, the extension and bimodal or basaltic volcanism that accompanies the return to 
steeper subduction angles is a more prospective tectonomagmatic setting for low-
sulfidation deposits (Sillitoe and Hedenquist, 2003). Exploration efforts for high-
 138
sulfidation deposits should be focused on Cenozoic to modern flat slab amagmatic 
segments or neutral to mildly extensional terranes. 
Fluid inclusions in fragments of vein quartz from an Amable pit breccia indicate 
that breccia formation at Veladero involved transport of clasts from depth to the shallow 
volcanic environment. The presence of a vein quartz clast in the breccia is evidence of a 
porphyry intrusion below the Veladero deposit. The CL characteristics of the quartz clast 
are identical to those observed for mineralized veins in Cu porphyry deposits (Bennett et 
al., 2011). The clast is contained in altered host rock, indicating that formation of the 
quartz vein must have predated the acid-type alteration at Veladero. The porphyry source 
for the quartz vein clast is thus older than the high-sulfidation deposit and cannot have 
acted as a source of the magmatic-hydrothermal fluids which formed the Veladero 
deposit. If erosion occurred between the porphyry intrusion and epithermal 
mineralization, this porphyry may be currently located at shallow depth. This intrusion 
and intrusions of similar age elsewhere in the El Indio-Pascua belt could be viable 
exploration targets. Fluid inclusion studies of pyroclastic breccias from other high-
sulfidation deposits may be useful in determining whether they overlie porphyry stocks 
that are potentially mineralized. 
The genetic connection between porphyry and high-sulfidation environments has 
been established at other deposits (e.g. Hedenquist et al., 1998; Pudack et al., 2009), and 
it is very likely that high-sulfidation alteration and mineralization at Veladero were linked 
to a later porphyry intrusion. This mineralization-related porphyry presumably intruded at 
greater depth than the porphyry intrusion from which the vein quartz clast was derived, 
and it is likely too deep to represent an exploration target. Regardless, the observation 
confirms that the Veladero area was the focus of long-lived or episodic recurrent 
magmatic activity and related magmatic-hydrothermal processes. 
 
6.3 Silver Recovery in High-Sulfidation Deposits 
 
Veladero gold exists as high fineness grains of native Au. Some silver occurs as < 
0.1 m iodargyrite (AgI) and aggregates of <0.1 m particles with variable 
concentrations of Ag, I, Br, Cl, Hg, Se, S, and Fe. Rare Ag-Fe sulfides have also been 
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identified. The bulk of Veladero Ag occurs as Ag-bearing jarosite in the jarosite-
argentojarosite solid solution. In Ag-rich growth zones, Ag substitutes for K within the 
crystal structure. EMP and LA-ICP-MS analyses encompassing multiple growth zones 
showed that Ag concentrations reach 1759 ppm. Veladero ore samples range from 1-10 
wt % jarosite based on quantitative XRD results. The 14 g/t bulk grade of the Veladero 
deposit could be accounted for by 1 wt % jarosite containing 1400 ppm Ag, or by 10 wt 
% jarosite at 140 ppm. Ag-bearing jarosite in the jarosite-argentojarosite solid solution 
may be a common but not widely quantified or recognized ore mineral at high-sulfidation 
deposits. Potential targets include those deposits formed under highly acidic and 
oxidizing conditions, deposits at which jarosite formed during supergene oxidation of 
sulfides, and deposits in particularly arid environments. The occurrence of significant Ag 
in jarosite is the most likely cause of poor silver recovery at Veladero and potentially at 
other jarosite-bearing Ag deposits.  
 
6.4 Improving the High-Sulfidation Epithermal Deposit Model 
  
At present, it is widely accepted that the acid-type hydrothermal alteration at 
high-sulfidation epithermal deposits forms by interaction of a magmatic vapor with 
groundwater. The magmatic vapor is thought to originate from a magma reservoir at 
depth where it either exsolved directly from the melt or formed by unmixing of a 
homogeneous fluid (Arribas, 1995). However, there is much discrepancy in recently 
published literature regarding the nature and origin of the fluids responsible for the base 
metal stage of mineralization, and little is known about the fluids that transport and 
deposit the precious metals. A current debate centers on the possible role of magmatic 
vapors in ore formation. 
Mavrogenes et al. (2010) propose that the Cu in vein-hosted high-sulfidation 
deposits is deposited from rapidly decompressing vapors at temperatures in excess of 
600C. These vapors are not necessarily distinct from the vapors that produce the acid-
type alteration in shallow crustal environments. In contrast, Hedenquist et al. (1998) and 
Heinrich (2005) suggested that the acid-type alteration typically predates mineralization 
and that the base metals were transported by hydrothermal fluids originating from a 
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cooling pluton at greater depth than the intrusion which generated the magmatic vapor 
associated with alteration. Hedenquist et al. (1998) and Heinrich (2005) are in agreement 
that the mineralizing fluids of magmatic origin must have cooled significantly prior to 
epithermal metal deposition which would have occurred at temperatures below 300C. 
Altered samples from the Veladero deposit contain two types of quartz: fine-
grained aggregates of vuggy anhedral quartz comprising clasts and matrix in 
hydrothermal breccias, and later euhedral quartz that infills vugs and fractures. The 
vuggy quartz is inferred to represent the residual phase that is the product of intense 
acidic alteration caused by a magmatic vapor, as suggested by the abundant presence of 
vapor-rich inclusions. The second type of quartz represents a previously unrecognized 
stage of quartz precipitation, which provides insight into the processes of fluid evolution 
in the high-sulfidation epithermal environment. The second stage of quartz occurs as 
fracture-controlled, coarse-grained euhedral crystals in mineralized samples. The crystals 
contain bands of iron oxide mineral inclusions that are aligned along oscillatory growth 
zones, indicating that precipitation of an iron-bearing mineral (iron sulfide or iron oxide) 
was synchronous with the quartz crystallization. Precipitation of this quartz generation 
was followed by Au mineralization at Veladero, with no contemporaneous quartz 
precipitation. Trace element analyses of both quartz generations by EMP revealed that 
the late quartz is depleted in Ti relative to the early vuggy quartz, indicating that the late 
quartz is most likely a lower temperature phase. 
The late, fracture-controlled quartz is evidence that there are three distinct types 
of fluids during the development of a disseminated-type high-sulfidation deposit: the 
magmatic vapors that interact with meteoric water to produce alteration that leaches the 
host rocks to vuggy quartz, the fluids that transported base metals and precipitated 
euhedral quartz, and the fluids that caused precious metal enrichment with no associated 
leaching or quartz precipitation. The euhedral quartz generation appears to originate from 
a low-temperature fluid, which is inconsistent with high-temperature deposition from a 
decompressing vapor (Henley and Berger, 2011). This quartz was more likely formed 
from a liquid (Hedenquist et al., 1998) that could have formed by isochemical contraction 







Aravena, R., Suzuki, O., Peña, H., Pollastri, A., Fuenzalida, H., and Grilli, A., 1999. 
Isotopic composition and origin of the precipitation in northern Chile. Applied 
Geochemistry, v. 14, p. 411–422. 
 
Arribas, A., Jr., 1992. Geology and Geochemistry of the Rodalquilar Gold-Alunite 
Deposit: Relationship to Other Hydrothermal Ore Deposits in Southeastern Spain. PhD 
thesis. University of Michigan, Ann Arbor, Michigan, 320 p. 
 
Arribas, A., Jr., 1995. Characteristics of high-sulfidation epithermal deposits, and their 
relation to magmatic fluid. Mineralogical Association of Canada Short Course, v. 23, 
p. 419–454. 
 
Arribas, A., Jr., Hedenquist, J.W., Itaya, T., Okada, T., Concepción, R.A., and Garcia, 
J.S., Jr, 1995. Contemporaneous formation of adjacent porphyry and epithermal-Au 
deposits over 300 ka in northern Luzon, Philippines. Geology, v. 23, p. 337–340. 
 
Barrick Gold Corporation, 2007. Unlock the Value Program.  
http://www.unlockthevalue.com, accessed on November 9, 2009. 
 
Barrick Gold Corporation, 2008. Annual Report. Toronto, Canada, 158 p. 
 
Barrick Gold Corporation, 2010. Quarter 4, 2010 Financial and operating results. 
Toronto, Canada, 146 p. 
 
Barrick Gold Corporation, 2011. Quarter 2, 2011 Financial and operating results. 
Toronto, Canada, 108 p. 
 
 142
Bennett, M., Monecke, T., Reynolds, T.J., and Kelly, N., 2011. Cathodoluminescence 
investigations on vein quartz from the Far Southeast porphyry Cu-Au deposit, 
Philippines: Hydrothermal quartz alteration and inheritance of earlier fluid inclusion 
assemblages. Geological Society of America Abstracts with Programs, vol. 43, p. 471. 
 
Bertens, A., Deckart, K., and Gonzalez, A., 2003. Geocronología U-Pb, Re-Os y 
40Ar/39Ar del pórfido de Cu-Mo Los Pelambres, Chile Central. Congreso Geológico 
Chileno, X, Concepción, Chile, 5 p. 
 
Bissig, T., Lee, J.K.W., Clark, A.G., and Heather, K.B., 2001. The Cenozoic history of 
volcanism and hydrothermal alteration in the Central Andean flat-slab region: New 
40Ar-39Ar constraints from the El Indio-Pascua Au (-Ag, Cu) belt. International 
Geology Review, v. 43, p. 312–340. 
 
Bissig, T., Clark, A.H., Lee, J.K.W., and Hodgson, C.J., 2002. Miocene landscape 
evolution and geomorphologic controls on epithermal processes in the El Indio-Pascua 
Au-Ag-Cu belt, Chile and Argentina. Economic Geology, v. 97, p. 971–996. 
 
Bissig, T.B., Clark, A.H., Lee, J.K.W., and von Quadt, A., 2003. Petrogenic and    
     metallogenetic responses to Miocene slab flattening: new constraints from the El  
     Indio-Pascua Au-Ag-Cu belt, Chile/Argentina. Mineralium Deposita, v. 38, p. 844– 
     862. 
 
Bissig, T., Ullrich, T.D., Tosdal, R.M., Friedman, R., and Ebert, S., 2008. The time-space 
distribution of Eocene to Miocene magmatism in the central Peruvian polymetallic 
province and its metallogenetic implications. Journal of South American Earth 
Sciences, v. 26, p. 16–35. 
 
Bodnar, R.J., and Vityk, M.O., 1994. Interpretation of microthermometric data for H2O-
NaCl fluid inclusions, in De Vivo, B., and Frezzotti, M.L., eds., Fluid Inclusions in 




Bodnar, R.J., Reynolds, T.J., and Kuehn, C.A., 1985. Fluid inclusion systematics in 
epithermal systems. In Berger, B.R., Bethke, P.M., eds., Geology and Geochemistry of 
Epithermal Systems. Society of Economic Geologists, Reviews in Economic Geology, 
v 2, p. 73–98. 
 
Browne, P.R.L., and Lawless, J.V., 2001. Characteristics of hydrothermal eruptions, with 
examples from New Zealand and elsewhere. Earth-Science Reviews, v. 52, p. 299–
311. 
 
Cannell, J., Cooke, D.R., Walshe, J.L., and Stein, H., 2005. Geology, mineralization, 
alteration, and structural evolution of the El Teniente porphyry Cu-Mo deposit. 
Economic Geology, v. 100, p. 979–1003. 
 
Carmody, R.W., Plummer, L.N., Busenberg, E., and Coplen, T.B., 1998. Methods for 
collection of dissolved sulfate and sulfide and analysis of their sulfur isotopic 
composition. U.S. Geological Survey Open File Report, v. 97–234, 101 p. 
 
Cas, R.A.F., and Wright, J.V., 1987. Volcanic successions- modern and ancient. A 
geological approach to processes, products and successions. London, Allen and 
Unwin, 529 p. 
 
Chang, Z., Hedenquist, J.W., White, N.C., Cooke, D.R., Roach, M., Deyell, C.L., Garcia 
Jr., J., Gemmell, J.B., McKnight, S., and Cuison, A.L., 2011. Exploration tools for 
linked porphyry and epithermal deposits: example from the Mankayan intrusion-




Charchaflié, D., 2003. Geological, structural, and geochronological framework of the 
Veladero North area, Cordillera Frontal, Argentina. MSc thesis, University of British 
Columbia, Vancouver, Canada, 137 p. 
 
Charchaflié, D., Tosdal, R.M., and Mortensen, J.K., 2007. Geologic framework of the 
Veladero high-sulfidation epithermal deposit area, Cordillera Frontal, Argentina. 
Economic Geology, v. 102, p. 171–192. 
 
Chouinard, A., Williams-Jones, A.E., Leonardson, R.W., Hodgson, C.J., Silva, P., Téllez, 
C., Vega, J., and Rojas, F., 2005. Geology and genesis of the multistage high-
sulfidation epithermal Pascua Au-Ag-Cu deposit, Chile and Argentina. Economic 
Geology, v. 100, p. 463–490. 
 
Clark, A.H., 2005. Implications of the 40Ar-39Ar ages of hypogene alunite in the Frontera 
area, San Juan, Argentina: unpublished report to Barrick Exploraciones Argentina 
S.A., 12 p. 
 
Cooke, D.R., and Davies, A.G.S., 2006. Breccias in epithermal and porphyry deposits: 
the birth and death of magmatic-hydrothermal systems. Society of Economic 
Geologists, video lecture. 
 
Cosca, M., Stunitz, H., Bourgeix, A.L., and Lee, J.P., 2011. 40Ar loss in experimentally 
deformed muscovite and biotite with implications for 40Ar/39Ar geochronology of 
naturally deformed rocks. Geochimica et Cosmochimica Acta, v. 75, p. 7759–7778. 
 
Craig, H., 1961. Isotopic variations in meteoric waters. Science, v. 133, p. 1702–1703. 
 
Dalrymple, G.B., Alexander, E.C., Lanphere, M.A., and Kraker, G.P., 1981. Irradiation 
of samples for 40Ar/39Ar dating using the Geological Survey TRIGA reactor. US 
Geological Survey Professional Paper 1176, 62 p. 
 
 145
Davies, A.G.S., Cooke, D.R., Gemmell, J.B., and Simpson, K.A., 2008. Diatreme 
Breccias at the Kelian Gold Mine, Kalimantan, Indonesia: precursors to epithermal 
gold mineralization. Economic Geology, v. 103, p. 689–716.  
 
Deckart, K., Clark, A.H., Aguilar, C.A., Vargas, R.R., Bertens, A.N., Mortensen, J.K., 
and Fanning, M., 2005. Magmatic and hydrothermal chronology of the giant Río 
Blanco Porphyry Copper Deposit, central Chile: implications of an integrated U-Pb 
and 40Ar/39Ar database. Economic Geology, v. 100, p. 905–934. 
 
DePaolo, D.J., 1981. Trace element and isotopic effects of combined wall rock 
assimilation and fractional crystallization. Earth and Planetary Science Letters, v. 53, 
p. 189–202. 
 
Deyell, C.L., 2001. Alunite and high-sulfidation gold-silver-copper mineralization in the 
El Indio-Pascua belt, Chile-Argentina. PhD thesis, University of British Columbia, 
Vancouver, Canada, 231 p. 
 
Deyell, C.L., and Dipple, G.M., 2005. Equilibrium mineral-fluid calculations and their 
application to the solid solution between alunite and natroalunite in the El Indio-
Pascua belt of Chile and Argentina. Chemical Geology, v. 215, p. 219–234. 
 
Deyell, C.L., Leonardson, R., Rye, R.O., Thompson, J.F.H., Bissig, T., and Cooke, D.R., 
2005a. Alunite in the Pascua-Lama high-sulfidation deposit: constraints on alteration 
and ore deposition using stable isotope geochemistry. Economic Geology, v. 100, p. 
131–148.  
 
Deyell, C.L., Rye, R.O., Landis, G.P., and Bissig, T., 2005b. Alunite and the role of 
magmatic fluids in the Tambo high-sulfidation deposit, El Indio-Pascua belt, Chile. 
Chemical Geology, v. 215, p. 185–218. 
 
 146
Dill, H.G., 2001. The geology of aluminum phosphates and sulphates of the alunite group 
minerals: a review. Earth-Science Reviews, v. 53, p. 35–93. 
 
Dold, B., and Fontboté, L., 2001. Element cycling in secondary mineralogy in porphyry 
copper tailings as a function of climate, primary mineralogy, and mineral processing. 
Journal of Geochemical Exploration, v. 74, p. 3–55. 
 
Driesner, T., and Heinrich, C.A., 2007. The system H2O-NaCl. Part I: Correlation 
formulae for phase relations in temperature-pressure-composition space from 0 to 
1000°C, 0 to 5000 bar, and 0 to 1 X-NaCl. Geochimica et Cosmochimica Acta, v. 71, 
p. 4880–4901. 
 
Einaudi, M.T., Hedenquist, J.W., and Inan, E., 2003. Sulfidation state of fluids in active 
and extinct hydrothermal systems: transitions from porphyry to epithermal 
environments. Society of Economic Geologists Special Publication v. 10, p. 285–314. 
 
Fisher, R.V., 1960. Classification of volcanic breccias. GSA Bulletin, v. 71, p. 973–982. 
 
Frimmel, H.E., 2008. Earth’s continental crustal gold endowment. Earth and Planetary 
Science Letters, v. 267, p. 45–44. 
 
Fifarek, R.H., and Rye, R.O., 2005. Stable-isotope geochemistry of the Pierina high-
sulfidation Au-Ag deposit, Peru: influence of hydrodynamics on SO4
2- - H2S sulfur 
isotopic exchange in magmatic-steam and steam-heated environments. Chemical 
Geology, v. 215, p. 253–279. 
 
Gerstenberger, H., and Haase, G., 1997. A highly effective emitter substance for mass 
spectrometric Pb isotope ratio determinations. Chemical Geology, v. 136, p. 309–312. 
 
 147
Giesemann, A., Jager, H.J., Norman, A.L., Krouse, H.R., and Brand W.A., 1994. On-line 
sulfur-isotope determination using an elemental analyzer coupled to a mass 
spectrometer. Analytical Chemistry, v. 66, p. 2816–2819. 
 
Golebiowska, B., Pieczka, A., Rzepa, G., Matyszkiewicz, J., and Krajewski, M., 2010. 
Iodargyrite from Zalas (Cracow area, Poland) as an indicator of Oligocene-Miocene 
aridity in Central Europe. Palaeogeography, Palaeoclimatology, Palaeoecology, v. 
296, p. 130–137. 
 
Götze, J., Plötze, M., and Habermann, D., 2001. Origin, spectral characteristics and 
practical applications of the cathodoluminescence of quartz—a review. Mineralogy 
and Petrology, v. 71, p. 225–250. 
 
Götze, J., Plötze, M., Graupner, T., Hallbauer, D.K., and Bray, C.J., 2004. Trace element 
incorporation into quartz: a combined study by ICP-MS, electron spin resonance, 
cathodoluminescence, capillary ion analysis, and gas chromatography. Geochimica et 
Cosmochimica Acta, v. 68, p. 3741–3759. 
 
Hedenquist, J.W., and Lowenstern, J.B., 1994. The role of magmas in the formation of 
hydrothermal ore deposits. Nature, v. 370, p. 519–527. 
 
Hedenquist, J.W., Arribas Jr., A., and Reynolds, T.J., 1998. Evolution of an intrusion-
centered hydrothermal system: Far Southeast-Lepanto porphyry and epithermal Cu-Au 
deposits, Philippines. Economic Geology, v. 93, p. 373–409. 
 
Hedenquist, J.W., Arribas, A., and Gonzalez-Urien, E., 2000. Exploration for epithermal 
gold deposits. Reviews in Economic Geology, v. 13, p. 247–277. 
 
Heinrich, C.A., 2007. Fluid-fluid interactions in magmatic-hydrothermal ore formation. 
Reviews in Mineralogy and Geochemistry, v. 65, p. 363–387. 
 148
Heinrich, C.A., 2005. The physical and chemical evolution of low-salinity magmatic 
fluids at the porphyry to epithermal transition: a thermodynamic study. Mineralium 
Deposita, v. 39, p. 864–889. 
 
Heinrich, C.A., Driesner, T., Stefansson, A., and Seward, T.M., 2004. Magmatic vapor 
contraction and the transport of gold from the porphyry environment to epithermal ore 
deposits. Geology, v. 32, p. 761–764. 
 
Henley, R.W., 1990. Ore transport and deposition in epithermal ore environments, in 
Herbert H.K, and Ho, S.E., eds. Stable Isotopes and Fluid Processes in Mineralization: 
University of Western Australia, Geology Department Publication, v. 23, p. 51–69.  
 
Henley, R.W., and Berger, B.R., 2011. Magmatic-vapor expansion and the formation of 
high-sulfidation gold deposits: chemical controls on alteration and mineralization. Ore 
Geology Reviews, v. 39, p. 63–74. 
 
Hildreth, W., and Moorbath, S., 1988. Crustal contributions to arc magmatism in the 
Andes of Central Chile. Contributions to Mineralogy and Petrology, v. 98, p. 455–489. 
 
Holley, E.A., Monecke, T., and Bissig, T., 2012. Alunite and jarosite alteration ages at 
the Veladero high-sulfidation epithermal Au-Ag deposit, Argentina. 34th International 
Geological Congress (IGC): Australia 2012. Brisbane, Queensland, August 5-10, 
2012. Proceedings: p. 2277. 
 
Jaffey, A.H., Flynn, K.F., Glendenin, L.E., Bentley, W.C., and Essling, A.M., 1971. 
Precision measurement of half-lives and specific activities of 235U and 238U. Physical 
Reviews, C4, p. 1889–1906. 
 
Jambor, J.L., 1999. Nomenclature of the alunite supergroup. The Canadian Mineralogist, 
v. 37, p. 1323–1341. 
 
 149
Jannas, R.R., Beane, R.E., Ahler, B.A., and Brosnahan, D.R., 1990. Gold and copper 
mineralization at the El Indio deposit, Chile. Journal of Geochemical Exploration, v. 
36, p. 233–266. 
 
Jannas, R.R., Bowers, T.S., Petersen, U., and Beane, R.E., 1999. High-sulfidation deposit 
types in the El Indio district, Chile. Society of Economic Geologists Special 
Publication, v. 7, p. 27–59. 
 
John, D.A., Sisson, T.W., Breit, G.N., Rye, R.O., and Vallance, J.W., 2008. 
Characteristics, extent and origin of hydrothermal alteration at Mount Rainier 
Volcano, Cascades Arc, USA: Implications for debris-flow hazards and mineral 
deposits. Journal of Volcanology and Geothermal Research, v.175, p. 289-314. 
 
Jones, P.J., Martínez, R.D., Vitaller, A.O., Chavez, I., Carrizo, M.M., La Motte, M.G., 
and Riveros, S.E., 1999. El deposíto epithermal aurífero Veladero, San Juan, in 
Zappettini, E.O., ed, Recursos Minerales de la República Argentina, Anales 35: 
Buenos Aires, Instituto de Geología y Recursos Minerals SEGEMAR, p. 1673–1648. 
 
Kay, S.M., and Abbruzzi, J.M., 1996. Magmatic evidence for Neogene lithospheric 
evolution of the central Andean “flat-slab” between 30 and 32S. Tectonophysics, v. 
259, p. 15–28. 
 
Kay, S.M., and Mpodozis, C., 2001. Central Andean ore deposits linked to evolving 
shallow subduction systems and thickening crust. GSA Today, v. 11, p. 4–9. 
 
Kleeberg, R., and Bergmann, J., 2002. Quantitative phase analysis using the Rietveld  
method and a fundamental parameter approach. Proceedings of the II International 
School on Powder diffraction, p. 63–76. 
 
Kuiper, K. F., Deino, A., Hilgen, F. J., Krijgsman, W., Renne, P. R., and Wijbrans, J. R., 
2008. Synchronizing rock clocks of earth history. Science, v. 320, p. 500–504. 
 150
 
Kula, J., and Baldin, S.L., 2011. Jarosite, argon diffusion, and dating aqueous 
mineralization on Earth and Mars. Earth and Planetary Science Letters, v. 310, p. 314–
318. 
 
Laidlaw, R.O., 2004. Summary of Barrick Gold Corporation’s Veladero Mine, San Juan 
Province, Argentina. Curso Latinoamericano de Metalogenia UNESCO-SEG. August 
23, 2004. 
 
Laidlaw, R.O., 2005. Geology and mineralization of the Veladero gold deposit, San Juan 
Province, Argentina. Geological Society of Nevada Symposium, May 18. 2005. 
 
Landtwing, M.R., Furrer, C., Redmond, P.B., Pettke, T., Guillong, M., and Heinrich, 
C.A., 2010. The Bingham Canyon porphyry Cu-Mo-Au deposit. III. Zoned copper-
gold ore deposition by magmatic vapor expansion. Economic Geology, v. 105, p. 91–
118. 
 
Lindgren, W., 1933. Mineral Deposits, 4th Edition: New York, McGraw-Hill, 930 p. 
 
Litvak, V.D., Poma, S., and Kay, M., 2007. Paleogene and Neogene magmatism in the 
Valle del Cura region: new perspective on the evolution of the Pampean flat slab, San 
Juan province, Argentina. Journal of South American Earth Sciences, v. 24, p. 117–
137. 
 
Longerich, H.P., Jackson, S.E, and Günther, D., 1996. Laser ablation-inductively coupled 
plasma-mass spectrometric transient signal data acquisition and analyte concentration 
calculation. Journal of Analytical Atomic Spectrometry, v. 11, p. 899–904. 
 
Love, D.A., Clark, A.H., Hodgson, C.J., Mortensen, J.K., Archibald, D.A., and Farrar, E., 
1998. The timing of adularia-sericite-type mineraliszation and alunite alteration, 
Mount Skukum epithermal gold deposit, Yukon Territory, Canada: 40Ar-39Ar and U-
 151
Pb geochronology. Economic Geology, v. 93, p. 437–462. 
 
Ludwig K.R., 2003. Isoplot 3.00, A Geochronological Toolkit for Microsoft Excel. 
University of California at Berkeley. 
 
Macumber, P.G., 1992. Hydrological processes in the Tyrrell Basin, southeastern 
Australia. Chemical Geology, v. 96, p. 1–18. 
 
Maksaev, V., Moscoso, R., Mpodozis, C., and Nasi, C., 1984. Las unidades volcánicas y 
plutonicas del cenozoico superior en la Alta Cordillera del Norte Chico (29°-31° S): 
Geología, alteratión hidrothermal y mineralisación. Revista geólógica de Chile, v. 21, 
p. 11–51. 
 
Mathur, R., Ruiz, J.R., and Munizaga, F.M., 2001. Insights into Andean metallogenesis 
from the perspective of Re-Os analyses of sulphides. SERNAGEOMIN, III. South 
American Symposium on Isotope Geology, Santiago, Sociedad Geológica de Chile 
2001, p. 500–503. 
 
Mattinson, J.M., 2005, Zircon U-Pb chemical abrasion (“CA-TIMS”) method: combined 
annealing and multi-step partial dissolution analysis for improved precision and 
accuracy of zircon ages. Chemical Geology, v. 220, p. 47–66. 
 
Mavrogenes, J., Henley, R.W., Reyes, A.G., and Berger, B., 2010. Sulfosalt melts: 
evidence of high-temperature vapor transport of metals in the formation of high-
sulfidation lode gold deposits. Economic Geology, v. 105, p. 257–262. 
 
McPhie, J., Doyle, M., and Allen, R., 1993. Volcanic Textures: A Guide to the 
Interpretation of Textures in Volcanic Rocks: Hobart, CODES Key Centre, University 
of Tasmania, 196 p. 
 
 152
Monecke, T., Köhler, S., Kleeberg, R., and Herzig, P.M., 2001. Quantitative phase-
analysis by the Rietveld method using x-ray powder-diffraction data: application to the 
study of alteration halos associated with volcanic-rock-hosted massive sulfide 
deposits. The Canadian Mineralogist, v. 39, p. 1617–1633. 
 
Mundil, R., Ludwig, K. R., Metcalfe, I., and Renne, P.R., 2004. Age and timing of the      
Permian mass extinctions: U/Pb dating of closed-system zircons. Science, v. 305, p. 
1760–1763. 
 
Neuser, R.D., 1995. A new high-intensity cathodoluminescence microscope and its 
application to weakly luminescing minerals. Bochumer Geologische und 
Geotechnische Arbeiten, v. 44, p. 116–118. 
 
Ohmoto, H., and Rye, R.O., 1979. Isotope of sulfur and carbon, in Barnes, H. L. ed., 
Geochemistry of hydrothermal deposits, John Wiley & Sons, p. 509–567. 
 
Poage, M.A., and Chamberlain, C.P., 2001. Empirical relationships between elevation 
and the stable isotope composition of precipitation and surface waters: considerations 
for studies of paleoelevation change. American Journal of Science, v. 301, p. 1–15. 
 
Pudack, C., Halter, W.E., Heinrich, C.A., and Pettke, T., 2009. Evolution of magmatic 
vapor to gold-rich epithermal liquid: the porphyry to epithermal transition at Nevados 
de Famatina, Northwest Argentina. Economic Geology, v. 104, p. 449–477. 
 
Ramos, V.A., and Folguera, A., 2009. Andean flat-slab subduction through time. 
Geological Society of London, Special Publications, v. 327, p. 31–54.
 
Redmond, P.B., Einaudi, M.T., Inan, E.E., Landtwing, M.R., and Heinrich, C.A., 2004.  
Copper deposition by fluid cooling in intrusion-centered systems: new insights from 
the Bingham porphyry ore deposit, Utah. Geology, v. 32, p. 217–220. 
 
 153
Reynolds, T.J., and Beane, R.E., 1985. Evolution of hydrothermal characteristics at the 
Santa Rita, New Mexico, porphyry copper deposit. Economic Geology, v. 80, p. 1328–
1347.  
 
Richards, J.P., 2009. Postsubduction porphyry Cu-Au and epithermal Au deposits: 
products of remelting of subduction-modified lithosphere. Geology, v. 37, p. 247–250.  
 
Ringwood, A.E., 1977. Petrogenesis in island arc systems, in Talwani, M., and Pitman, 
W.C., eds., Island Arcs, Deep Sea Trenches, and Back Arc Basins: American 
Geophysical Union Maurice Ewing Series I, p. 311–324. 
 
Roscoe Postle Associates, Inc., 2012. Technical report on the Veladero mine, San Juan 
Province, Argentina. Prepared for Barrick Gold Corporation, NI 43-101, 149 p. 
 
Rusk, B., Koenig, A., and Lowers, H., 2011. Visualizing trace element distribution in 
quartz using cathodoluminescence, electron microprobe, and laser ablation-inductively 
coupled plasma-mass spectrometry. American Mineralogist, v. 96, p. 703–708. 
 
Rye, R.O., 1993. The evolution of magmatic fluids in the epithermal environment: the 
stable isotope perspective. Economic Geology, v. 88, p. 733–753. 
 
Rye, R.O., and Alpers, C.N., 1997. The stable isotope chemistry of jarosite. US 
Geological Survey Open-File Report 97-88, 28 p. 
 
Rye, R. O., and Stoffregen, R. E., 1995. Jarosite-water oxygen and hydrogen isotope 
fractionations: preliminary experimental data. Economic Geology, v. 90, p. 2336–
2342. 
 
Rye, R. O., Bethke, P. M., and Wasserman, M. D., 1992. The stable isotope geochemistry 
of acid sulfate alteration. Economic Geology, v. 87, p. 225–262. 
 
 154
Savin, S.M., and Epstein, S., 1970. The oxygen and hydrogen isotope geochemistry of 
clay minerals. Geochimica et Cosmochimica Acta, v. 34, p. 24–42. 
 
Schmitz, M.D., and Schoene, B., 2007. Derivation of isotope rations, errors, and error  
correlations for U-Pb geochronology using 205Pb-235U-(233U)-spike isotope dilution 
thermal ionization mass spectrometric data. Geochemisty, Geochemistry, Geosystems, 
v. 8, p. 1–20. 
 
Scoates, J.S., and Friedman, R.M.,  2008. Precise age of the platineferous Merensky reef, 
Bushveld Complex, South Africa, by the U-Pb zircon chemical abrasion ID-TIMS 
technique. Economic Geology, v. 103, p. 465-471. 
  
Sharps, Z. D., Atudorei, V., and Durakiewicz, T., 2001. A rapid method for determination 
of hydrogen and oxygen isotope ratios from water and hydrous minerals. Chemical 
Geology, v. 178, p. 197–210. 
 
Sillitoe, R.H., 1985. Ore-related breccias in volcanoplutonic arcs. Economic Geology, v. 
80, p. 1467–1514. 
 
Sillitoe, R.H., 2000. Styles of high-sulphidation gold, silver and copper mineralisation in 
porphyry and epithermal environments. AusIMM Proceedings, no. 1, 2000, p. 19–34. 
 
Sillitoe, R.H., and Hedenquist, J.W., 2003. Linkages between volcanotectonic settings, 
ore-fluid compositions, and epithermal precious metal deposits. Society of Economic 
Geologists Special Publication, v. 10, p. 315–343. 
 
Simmons, S.F., White, N.C., and John, D.A., 2005. Geological characteristics of 
epithermal precious and base metal deposits. Economic Geology 100th Anniversary 
Volume, p. 485–522. 
 
 155
Stoffregen, R.E., 1993. Stability relations of jarosite and natrojarosite at 150-250°C. 
Geochimica et Cosmochimica Acta, v. 57, p. 2417–2429. 
 
Stoffregen, R.E., and Cygan, G.L., 1990. An experimental study of Na-K exchange 
between alunite and aqueous sulfate solutions. American Mineralogist, v. 75, p. 209–
220.  
 
Stoffregen, R.E., Rye, R. O., and Wasserman, M. D., 1994. Experimental studies of 
alunite: part I,18O-16O and D-H fractionation factors between alunite and water at 250-
450°C. Geochimica et Cosmochimica Acta, v. 58, p. 903–916. 
 
Taylor, B.E., 1988. Degassing of rhyolitic magmas: hydrogen isotope evidence and 
implications for magmatic-hydrothermal ore deposits. Canadian Institute of Mining 
and Mineralogy Special Volume, v. 39, p. 33–49. 
 
Thirlwall, M.F., 2000. Inter-laboratory and other errors in Pb isotope analyses 
investigated using a 207Pb-204Pb double spike. Chemical Geology, v. 162, p. 299–322. 
 
Ufer, K., Roth, G., Kleeberg, R., Stanjek, H., Dohrmann, R., and Bergmann, J., 2004. 
Description of X-ray powder pattern of turbostratically disordered layer structures 
with a Rietveld compatible approach. Zeitschrift für Kristallographie, v. 219, p. 519–
527. 

Vila, T., and Sillitoe, R.H., 1991. Gold-rich porphyry systems in the Maricunga belt, 
northern Chile. Economic Geology, v. 86, p. 1238–1260. 
 
Wardrop Engineering Incorporated, 2009. Technical report on the Diablillos Property – 




Wark, D.A., and Watson, B.E., 2006. TitaniQ: a titanium in quartz geothermometer. 
Contributions to Mineralogy and Petrology, v. 152, p. 743–754. 
 
Wasserman, M.D., Rye, R.O., Bethke, P.M., and Arribas, A., Jr., 1992. Methods for 
separation and total stable isotope analysis of alunite: U.S. Geological Survey Open-
File Report 92-9, 20 p. 
 
White, N.C., and Hedenquist, J.W., 1995. Epithermal gold deposits: styles, characteristics 
and exploration. Society of Economic Geologists Newsletter, no. 23, p. 9–13. 
 
White, J.D.L., and Houghton, B.F., 2006. Primary volcaniclastic rocks. Geology, v. 34, p. 
677-680.  
 
Williams-Jones, A.E., and Heinrich, C.A., 2005. Vapor transport of metals and the 
formation of magmatic-hydrothermal ore deposits. Economic Geology, v. 100, p. 
1287–1312. 
 
Winocur, D.A., 2010. Geología y estructura del Valle del Cura y el sector central del 
Norte Chico, provincia de San Juan y IV Región de Coquimbo, Argentina y Chile. 
PhD thesis. Universidad de Buenos Aires, Buenos Aires, 354 p. 
 
Zachos, J. C., Pagani, M., Sloan, L., Thomas, E., and Billups, K., 2001. Trends, rhythms, 










Optical cathodoluminescence microscopy was conducted on polished, carbon 
coated thin sections at Colorado School of Mines using a HC5-LM hot cathode CL 
microscope by Lumic Special Microscopes, Germany. This instrument allows inspection 
of the thin sections under electron bombardment in a modified Olympus BXFM-S optical 
microscope. The microscope was operated at 14 kV and with a current density of ca. 10 
mA mm-2 (Neuser et al., 1995). CL images were captured using a high sensitivity, 
double-stage Peltier cooled Kappa DX40C CCD camera, with acquisition times ranging 
from 4 to 10 seconds. 
 
Dating of Alteration Minerals 
 
Alunite and jarosite 40Ar-39Ar ages were obtained to constrain the ages of the 
alteration minerals, and these analyses were conducted at the USGS 40Ar-39Ar laboratory 
by CO2 laser step heating (Cosca et al., 2011). The hand-picked grains were placed in a 
stacked aluminum disks with grains of the Fish Canyon Tuff sanidine standard (28.20 
Ma) (Kuiper et al., 2008). The aluminum disks were encapsulated in a quartz vial which 
was wrapped with Cd foil. The vials were then placed into an aluminum tube, sealed, and 
irradiated for 20 MWH in the USGS TRIGA reactor in Denver (Dalrymple et al., 1981). 
The Denver USGS Mass Analyzer Products 215-50 mass spectrometer was used for 
analysis. This instrument features an online custom stainless steel extraction system, two 
SAED GP50 getters as gas cleaning capacity, and cryogenically cooled stainless steel 
fingers with temperatures of -130 to -144C to isolate water and CO2. 
Incremental heating analyses were accomplished by peak hopping with a single 
electron multiplier in analog mode. The following are typical laser blank values in moles: 
m/e 40 = 3.6 x 10-16; m/e 39 = 8.2 x 10-19; m /e 38 = 8.3 x 10-19; m/e 37 = 4.5 x 10-18; m/e 
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36 = 2.1 x 10-18. Nucleogenic interferences during irradiation in the TRIGA reactor were 
corrected by factors determined based on irradiated CaF2 and zero-age K-glass. Typical 
values (and uncertainties) were measured as follows: 36/37Ca = 0.000276(2); 38/37Ca = 
0.000019(1); 39/37Ca = 0.000689(4); 38/39K = 0.0129(3); 40/39K = 0. Sericite 40Ar-39Ar 
analysis was performed at the Pacific Centre for Isotope and Geochemical Research at 
the University of British Columbia, Vancouver. Details on the methodology can be found 
in Bissig et al. (2008). 
 
Electron Microprobe Analysis 
 
EMP analyses were conducted at the USGS Denver using a JEOL 8900 
microprobe. The operating accelerating voltage was 10kV, with a nominal beam current 
of 20nA measured on the Faraday cup, and a 5 μm beam width [except for some analyses 
of Pb and Fe rims which were run at 1 μm]. Beam width was optimized to limit Na and K 
volatilization during analysis, although some zoning was on a smaller scale and analyses 
thus represent compositional averages over two zones. The Armstrong/ Love Scott ZAF 
correction procedure was used for all analyses. Tables A1 to A4 indicate the correction 
methods, elements analyzed, standards, analyzing crystals, X-ray lines, and average 99% 
confidence detection limits. 
 
Laser Ablation ICP-MS 
 
Silver-bearing jarosite chemistry was analyzed by LA-ICP-MS, using a 193 nm 
laser ablation system coupled to a quadrupole ICP-MS. The spot size was 30 microns, 
with a laser repetition rate of 4 Hz and a laser energy density of 5 J/cm2. External 
calibration was conducted using a basaltic glass (USGS GSD-1g). Iron (57Fe) was used as 
the internal standard element using an average Fe content of 30 wt % derived from EMP 
data. The following elements and isotopes were analyzed: 23Na, 24Mg, 27Al, 28Si, 31P, 39K, 
42Ca, 55Mn, 63Cu, 75As, 82Se, 85Rb, 88Sr, 109Ag, 133Cs, 137Ba, 139La, 140Ce, 141Pr, 143Nd, 
146Nd, 202Hg, 205Tl, 208Pb, 209Bi, and 232Th. All signals were screened for inclusions and 
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filtered as best as possible based on visual inspection of the signal. All data are reported 
in concentration in ppm and are calculated using the methods of Longerich et al. (1996). 
 
Scanning Electron Microscopy 
 
Scanning electron microscopy was conducted on an FEI Quanta 600 instrument 
with a PGT Prism 2000 EDS at the Colorado School of Mines. Opterating conditions 
were 25 kV and 0.3 nA with a 4 μm beam diameter at a working distance of 11 mm for 
SE and BSE imaging as well as EDX analysis. 
 
 
Table A1. Instrumentation and Corrections 
USGS Denver 
Electron Microbeam Laboratory 
Nominal Beam: 20 (nA) 
Faraday/Absorbed Averages: 1 
 
Correction Method and Mass Absorption Coefficient File: 
ZAF or Phi-Rho-Z Calculations 
LINEMU   Henke (LBL, 1985) < 10KeV / CITZMU > 10KeV 
 
Current ZAF or Phi-Rho-Z Selection: 
Armstrong/Love Scott (default) 
 
Correction Selections: 
Phi(pz) Absorption of Armstrong/Packwood-Brown 1981 MAS 
Stopping Power of Love-Scott 
Backscatter Coefficient of Love-Scott 
Backscatter of Love-Scott 
Mean Ionization of Berger-Seltzer 
Phi(pz) Equation of Love-Scott 
Reed/JTA w/ M-Line Correction and JTA Intensity Mod. 
Fluorescence by Beta Lines NOT Included 
 
Software: 
Probe for EPMA Enterprise Edition for Electron Probe Micro Analysis 
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Table A3. Sulfate Minerals 
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Stable Isotope Analysis 
 
Stable isotope analyses of alunite, jarosite, barite, and native sulfur were carried 
out at the USGS Stable Isotope laboratory. Samples were hand picked, separated, and 
prepared using the methods of Wasserman et al. (1992). Untreated sample splits were set 
aside for deuterium, sulfur, and total oxygen analyses. Analyses of δ18OSO4 were 
conducted on BaSO4 precipitates. Slurry mounts of the samples were checked for purity 
by semi-quantitative XRD (see above). Two samples from the Amable pit contained both 
alunite and jarosite. The alunite and jarosite were chemically separated for δ18OSO4 
analysis by dissolution, filtration, and reprecipitation as BaSO4. Sulfur analyses were 
conducted on a DeltaplusXP Thermofinningan continuous flow isotopic ratio mass 
spectrometer (CFIRMS) according to the methods of Giesemann et al. (1994) and 
Carmody et al. (1998). Samples were introduced individually to the CFIRMS system 
through a CE Elantech Flash2000 elemental analyzer. The element analyzer was held at 
an operating temperature of 1030C under continuous helium flow. Hydrogen and 
oxygen analyses were run on a DeltaplusXL Thermofinningan CFIRMS according to the 
methods of Sharps et al. (2001). Samples were introduced individually via a zero blank 
autosampler on a Thermofinnigan high temperature conversion elemental analyzer at 
1425C under continuous He flow. All samples and analyses were run with reference 
pulses and nationally accepted standards. Based on analysis of duplicates, relative errors 
for the sulfur and hydrogen measurements were within 2%. Relative errors for the oxygen 
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measurements are estimated to be below 7% at values exceeding 6.8‰, below 13% at 
values exceeding 2‰, and 25% at values less than 2‰. The precision of the oxygen, 
hydrogen, and sulfur measurements was within 2‰. 
 
U-Pb Geochronology  
 
The CA-TIMS procedures used at the Pacific Centre for Isotope and Geochemical 
Research at the University of British Columbia, Vancouver, were modified from Mundil 
et al., (2004), Mattinson (2005) and Scoates and Friedman (2008). These techniques are 
summarized here. 
Hard rock samples underwent standard mineral separation procedures and zircons 
were handpicked and photographed. Grains were selected on the basis of clarity and lack 
of inclusions or cracks. The selected grains were annealed in quartz glass crucibles at 
900˚C for 60 hours. The grains were then transferred into 3.5 mL PFA screwtop beakers. 
Ultrapure HF (up to 50% strength, 500 mL) and HNO3 (up to 14 N, 50 mL) were added 
and caps were cloased. The beakers were placed in 125 mL PTFE liners with  
2 mL HF and 0.2 mL HNO3. The liners were then placed in stainless steel Parr™ high 
pressure dissolution devices. The stainless steel devices were sealed and brought up to a 
maximum of 200˚C for 8-16 hours. Beakers were then removed from the liners and 
zircons were separated from the leachate.  
The zircons were rinsed with >18 MΩ.cm water and subboiled acetone. About 2 
mL of subboiled 6N HCl was added and beakers were heated on a hotplate at 80˚-130˚C 
for 30 minutes. Following this, a second rinse was conducted as above. Masses were 
estimated based on grain volumes. Single grains were transferred into 300 mL PFA 
microcapsules and 50 mL 50% HF and 5 mL of 14 N HNO3 were added. Each 
microcapsule was spiked with a 233-235U-205Pb tracer solution (EARTHTIME ET535), 
following which the microcapsules were capped and placed in a Parr liner. A 10:1 ratio of 
HF and nitric acids was added, and then the liner was placed in Parr high pressure device. 
Dissolution was achieved by heating at 240˚C for 40 hours. Solutions were then dried at 
130˚C, and then 50 mL 6N HCl was added to microcapsules. Fluorides are dissolved in 
high pressure Parr devices for 12 hours at 210˚C. The HCl solutions were transferred into 
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clean 7 mL PFA beakers and dried with 2 mL of 0.5 N H3PO4. The samples were loaded 
onto degassed, zone-refined Re filaments in 2 mL of silicic acid emitter (Gerstenberger 
and Haase, 1997).   
The isotopic ratios were measured with a modified single collector VG-54R or 
354S (with Sector 54 electronics) thermal ionization mass spectrometer which was 
equipped with analogue Daly photomultipliers. Peak-switching mode on the Daly 
detector was used during measurements. Analytical blanks were 0.2 pg for U and up to 
2.0 pg for Pb. The U fractionation was directly determined on individual runs using the 
233-235U tracer. Replicate analyses of the standard NBS-982 Pb reference (Thirlwall, 
2000) were used to perform fractionation corrections (0.23%/amu). The program of 
Schmitz and Schoene (2007) was used for data reduction. Concordia diagrams were 
constructed, and the regression intercepts and weighted averages were calculated Isoplot 
(Ludwig, 2003). Errors are quoted at the 2σ or 95% level of confidence unless otherwise 
noted. Isotopic dates were calculated using the decay constants l238=1.55125E-10 and 




Semi-quantitative XRD analyses were conducted at the United States Geological 
Survey (USGS) Denver. Data were gathered with MDI DataStand software on a Siemens 
D500 diffractometer with CuK radiation, equipped with a graphite monochromator with 
assimilation detection. Diffraction patterns were obtained between 4° and 40° 2 at 0.02° 
steps per second at 35 kV and 150 mA. Semi-quantitative interpretation of the XRD 








Sample SiO2 Al2O3 Fe2O3(T) MnO MgO CaO Na2O K2O TiO2 P2O5 Cr2O3 V2O5 
Units % % % % % % % % % % % % 
Detection 
Limit 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 
Analysis 
Method FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF 
EHV-003 76.07 7.89 1.05 0.01 0.04 0.17 0.21 2.02 0.37 0.07 < 0.01 0.01 
EHV-007 55.47 14.94 0.67 0.01 0.04 0.08 0.28 3.84 0.13 0.15 0.01 0.02 
EHV-009 15.51 0.51 38.65 0.01 0.34 0.74 0.31 6.40 0.36 0.90 < 0.01 0.02 
EHV-010 93.50 1.63 0.59 0.01 0.06 0.15 0.07 0.42 0.55 0.05 < 0.01 0.00 
EHV-011 35.84 22.57 3.32 0.01 0.03 0.26 1.56 4.24 0.26 0.25 0.01 0.01 
EHV-012 62.95 5.58 15.73 0.00 0.07 0.10 0.26 1.97 0.53 0.11 0.01 0.01 
EHV-013 96.93 0.42 0.67 0.01 0.05 0.06 0.05 0.04 0.74 0.01 0.01 0.00 
EHV-014 68.95 1.18 16.14 0.01 0.05 0.05 0.15 1.86 0.71 0.06 0.01 0.00 
EHV-015 96.46 0.36 0.76 0.01 0.03 0.05 0.01 0.03 0.99 0.01 0.01 0.01 
EHV-016 73.72 8.40 1.49 0.01 0.04 0.06 0.40 1.74 0.74 0.06 0.01 0.02 
EHV-017 67.93 7.77 9.01 0.00 0.04 0.05 0.23 1.89 0.89 0.10 0.01 0.02 
EHV-018 65.07 12.33 1.05 0.01 0.06 0.05 0.38 3.11 0.73 0.08 0.01 0.02 
EHV-019 95.51 0.43 0.69 0.01 0.02 0.10 0.02 0.10 1.73 0.01 0.01 0.01 
EHV-031 96.00 0.21 0.76 0.01 0.10 0.25 < 0.01 0.06 0.79 0.02 < 0.01 < 0.003 
EHV-035 96.77 0.36 0.53 0.01 0.01 0.05 < 0.01 0.06 0.81 0.01 < 0.01 < 0.003 
EHV-044 96.21 0.39 0.41 0.01 0.06 0.11 < 0.01 0.04 0.97 0.02 < 0.01 0.00 
EHV-054 46.27 19.96 0.38 0.01 0.07 0.18 1.51 3.48 0.49 0.17 0.01 0.01 
EHV-060 96.85 0.26 0.50 0.01 0.01 0.02 0.04 0.04 1.32 0.03 < 0.01 < 0.003 





Sample V2O5 Au Ag Cd Cu Mn Mo Ni Pb S Zn LOI Total 
Units % g/tonne ppm ppm ppm ppm ppm ppm ppm % ppm % % 
Detection 
Limit 0.00 0.03 0.20 0.50 1.00 2.00 2.00 1.00 2.00 0.00 1.00  0.01 
Analysis 
Method FUS-XRF FA-GRA AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP FUS-XRF FUS-XRF 
EHV-003 0.01 < 0.03 0.40 < 0.5 18.00 51.00 5.00 < 1 479.00 1.00 3.00 11.23 99.13 
EHV-007 0.02 < 0.03 1.60 < 0.5 7.00 30.00 < 2 < 1 136.00 3.40 1.00 22.93 98.57 
EHV-009 0.02 < 0.03 0.30 1.30 < 1 38.00 < 2 6.00 856.00 8.30 17.00 33.18 96.92 
EHV-010 0.00 < 0.03 < 0.2 < 0.5 4.00 69.00 < 2 < 1 153.00 0.21 < 1 2.24 99.27 
EHV-011 0.01 0.03 < 0.2 < 0.5 < 1 11.00 < 2 < 1 9.00 1.76 < 1 29.87 98.22 
EHV-012 0.01 0.03 0.20 1.40 17.00 8.00 16.00 1.00 1580.00 1.43 1.00 12.53 99.84 
EHV-013 0.00 0.03 11.30 0.50 5.00 31.00 2.00 1.00 74.00 0.02 68.00 0.29 99.27 
EHV-014 0.00 0.03 0.50 1.30 5.00 10.00 34.00 7.00 1530.00 2.62 1.00 10.65 99.81 
EHV-015 0.01 0.03 3.50 0.50 6.00 16.00 2.00 1.00 89.00 0.03 2.00 0.27 98.98 
EHV-016 0.02 0.03 1.20 0.50 6.00 7.00 12.00 1.00 711.00 0.60 1.00 12.10 98.77 
EHV-017 0.02 0.03 0.60 1.10 2.00 7.00 87.00 1.00 635.00 0.46 1.00 11.53 99.46 
EHV-018 0.02 0.03 0.20 0.50 6.00 8.00 8.00 1.00 778.00 0.92 1.00 17.42 100.30 
EHV-019 0.01 < 0.03 < 0.2 < 0.5 6.00 58.00 < 2 1.00 28.00 0.10 1.00 0.83 99.46 
EHV-031 < 0.003 < 0.03 0.40 < 0.5 8.00 69.00 4.00 < 1 18.00 0.07 2.00 0.64 98.84 
EHV-035 < 0.003 < 0.03 < 0.2 < 0.5 5.00 41.00 < 2 < 1 23.00 0.06 < 1 0.33 98.94 
EHV-044 0.00 < 0.03 < 0.2 < 0.5 2.00 52.00 5.00 < 1 10.00 0.10 1.00 0.33 98.56 
EHV-054 0.01 0.03 0.30 < 0.5 1.00 12.00 < 2 < 1 40.00 1.43 2.00 26.59 99.14 
EHV-060 < 0.003 0.40 16.80 < 0.5 13.00 19.00 11.00 < 1 22.00 0.05 < 1 0.17 99.25 





Sample SiO2 Al2O3 Fe2O3(T) MnO MgO CaO Na2O K2O TiO2 P2O5 Cr2O3 
Units % % % % % % % % % % % 
Detection 
Limit 0.01 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
Analysis 
Method FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF FUS-XRF 
EHV-062 96.79 0.27 0.44 0.01 0.02 0.03 < 0.01 0.05 0.92 0.07 < 0.01 
EHV-064 44.71 19.20 2.22 0.01 0.06 0.18 1.19 3.88 0.61 0.24 0.01 
EHV-066 88.46 0.47 4.60 0.01 0.03 0.08 0.01 0.65 0.92 0.06 < 0.01 
EHV-073 97.96 0.03 0.25 0.01 < 0.01 0.02 < 0.01 0.03 0.65 0.01 0.02 
EHV-074 96.42 0.50 0.48 0.01 0.03 0.05 0.01 0.11 0.76 0.29 < 0.01 
EHV-075 60.60 11.17 4.75 0.01 0.06 0.11 0.43 3.24 0.44 0.10 0.01 
EHV-076 68.63 7.73 5.86 0.01 0.09 0.08 0.26 2.53 0.51 0.09 0.01 
EHV-077 53.52 18.46 4.82 0.01 0.30 0.18 0.26 5.05 1.05 0.30 0.01 
EHV-078 48.52 12.31 9.72 0.00 0.06 0.06 0.55 4.31 0.04 0.13 0.01 
EHV-079 77.79 4.46 4.94 0.01 0.07 0.06 0.27 1.81 0.12 0.10 0.01 
EHV-081 64.57 11.96 1.88 0.01 0.08 0.23 0.54 2.37 0.84 0.24 0.01 
EHV-082 49.38 14.74 4.84 0.01 0.07 0.21 1.07 3.65 0.68 0.27 0.01 
EHV-083 88.11 0.82 3.45 0.00 0.03 0.04 0.05 0.11 1.31 0.03 0.01 
EHV-084 55.03 13.88 6.15 0.01 0.08 0.13 0.75 2.88 0.67 0.14 0.01 
EHV-085 55.92 15.00 5.59 0.01 0.30 0.18 0.49 2.96 0.93 0.33 0.01 
EHV-086 68.78 12.59 7.80 0.02 1.17 0.20 0.46 1.63 0.74 0.34 0.01 
EHV-087 66.22 13.83 5.36 0.12 3.68 0.52 0.11 2.66 0.63 0.35 0.01 
EHV-088 42.18 16.94 6.41 0.01 0.09 0.08 0.67 4.76 0.90 0.16 0.01 
EHV-090 91.81 1.78 1.17 0.01 0.04 0.05 0.09 0.57 0.98 0.05 0.01 
EHV-091 57.00 12.49 4.28 0.01 0.10 0.28 0.53 3.39 1.38 0.36 0.01 
EHV-092 63.58 12.40 0.94 0.01 0.05 0.13 0.75 2.38 1.01 0.20 0.01 





Sample V2O5 Au Ag Cd Cu Mn Mo Ni Pb S Zn LOI Total 
Units % g/tonne ppm ppm ppm ppm ppm ppm ppm % ppm % % 
Detection 
Limit 0.00 0.03 0.20 0.50 1.00 2.00 2.00 1.00 2.00 0.00 1.00  0.01 
Analysis 
Method FUS-XRF FA-GRA AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP AR-ICP FUS-XRF FUS-XRF 
EHV-062 0.01 0.30 11.40 < 0.5 8.00 24.00 5.00 1.00 28.00 0.03 < 1 0.12 98.72 
EHV-064 0.05 0.29 < 0.2 < 0.5 4.00 17.00 6.00 2.00 34.00 1.88 1.00 27.61 99.97 
EHV-066 0.01 < 0.03 0.20 < 0.5 7.00 40.00 < 2 3.00 3720.00 1.23 2.00 3.95 99.25 
EHV-073 0.00 0.59 1.20 < 0.5 9.00 15.00 < 2 < 1 8.00 0.02 < 1 0.05 99.02 
EHV-074 < 0.003 0.07 19.80 < 0.5 7.00 26.00 10.00 < 1 61.00 0.11 2.00 0.53 99.19 
EHV-075 0.01 0.03 0.30 0.60 5.00 23.00 7.00 1.00 200.00 1.63 1.00 18.97 99.86 
EHV-076 0.01 0.10 0.50 0.70 5.00 10.00 4.00 1.00 123.00 1.63 2.00 14.23 100.00 
EHV-077 0.03 0.03 0.20 0.50 20.00 12.00 2.00 1.00 21.00 0.49 10.00 16.42 100.40 
EHV-078 0.01 0.62 14.20 0.90 15.00 7.00 36.00 1.00 751.00 2.79 2.00 24.96 100.70 
EHV-079 0.01 0.43 12.50 0.60 11.00 13.00 28.00 1.00 777.00 1.60 2.00 10.42 100.10 
EHV-081 0.03 0.03 0.70 0.50 7.00 5.00 4.00 1.00 34.00 1.08 1.00 16.63 99.38 
EHV-082 0.02 0.03 0.60 0.60 3.00 5.00 3.00 1.00 84.00 1.93 1.00 25.39 100.30 
EHV-083 0.04 2.37 14.60 0.50 15.00 15.00 6.00 1.00 581.00 0.12 2.00 2.63 96.64 
EHV-084 0.02 0.13 1.70 0.50 7.00 8.00 12.00 1.00 1640.00 0.73 4.00 19.93 99.67 
EHV-085 0.03 0.30 4.60 0.60 80.00 7.00 8.00 1.00 27.00 0.81 4.00 18.13 99.88 
EHV-086 0.02 0.03 0.30 0.80 103.00 17.00 6.00 1.00 33.00 0.53 10.00 4.91 98.66 
EHV-087 0.03 0.03 0.20 1.30 94.00 885.00 2.00 15.00 6.00 1.60 276.00 5.88 99.39 
EHV-088 0.04 0.03 2.80 0.50 10.00 12.00 9.00 1.00 390.00 2.16 3.00 27.95 100.20 
EHV-090 0.01 0.40 19.50 0.50 124.00 21.00 5.00 2.00 139.00 0.40 2.00 2.87 99.43 
EHV-091 0.02 0.03 2.90 0.50 2.00 16.00 2.00 1.00 190.00 1.75 2.00 20.47 100.30 
EHV-092 0.02 1.23 7.30 0.50 32.00 9.00 2.00 1.00 14.00 1.14 1.00 18.27 99.74 








Sample Facies Rwp Rexp S Alunite Barite Chlorite Goethite Gorceixite Gypsum Hematite Illite Jarosite 
EHV-013 4 8.67 5.40 1.61          
EHV-014 1 6.77 4.41 1.54 1.4% ± 0.1      4.6% ± 0.1  21.7% ± 0.2 
EHV-015 4 8.39 5.43 1.55          
EHV-017 1 8.11 4.74 1.71 20.3% ± 0.2      6.6% ± 0.1   
EHV-018 2 9.77 5.26 1.86 31.3% ± 0.2        1.3% ± 0.1 
EHV-030 4 8.50 5.45 1.56          
EHV-034 3 8.54 5.44 1.57          
EHV-059 4 8.23 5.45 1.51  1.4% ± 0.0     0.5% ± 0.1   
EHV-063 4 8.51 5.47 1.56          
EHV-075 1 8.75 4.96 1.76 28.4% ± 0.2        8.9% ± 0.2 
EHV-076 1 7.60 4.89 1.55 19.3% ± 0.2      1.0% ± 0.1  9.1% ± 0.1 
EHV-078 4 8.26 4.68 1.76 29.2% ± 0.3        19.8% ± 0.2 
EHV-079 4 8.04 4.96 1.62 10.8% ± 0.1        10.4% ± 0.1 
EHV-081 1 9.40 5.11 1.84 20.2% ± 0.3        6.0% ± 0.2 
EHV-083 1 7.75 5.27 1.47 1.0% ± 0.1 5.0% ± 0.0  2.1% ± 0.2   0.7% ± 0.1  0.6% ± 0.1 
EHV-084 2 9.21 4.85 1.90 24.1% ± 1.4   1.9% ± 0.1   2.8% ± 0.1  2.2% ± 0.1 
EHV-087 6 7.77 4.77 1.63   14.3% ± 0.3   2.9% ± 0.2  9.0% ± 0.3  
EHV-088 1 8.26 4.86 1.70 39.1% ± 0.3    0.5% ± 0.1    12.5% ± 0.2 
EHV-090 4 8.08 5.35 1.51 3.2% ± 0.1    0.6% ± 0.1    1.3% ± 0.1 
EHV-091 2 8.62 5.03 1.71 26.5% ± 0.3        9.7% ± 0.1 
































EHV-013 4 8.67 5.40 1.61     99.3% ± 0.1 0.8% ± 0.1   100.0% 
EHV-014 1 6.77 4.41 1.54     71.7% ± 0.2 0.7% ± 0.1   100.0% 
EHV-015 4 8.39 5.43 1.55     98.8% ± 0.1 1.2% ± 0.1   100.0% 
EHV-017 1 8.11 4.74 1.71     72.0% ± 0.2 1.1% ± 0.1   100.0% 
EHV-018 2 9.77 5.26 1.86     66.9% ± 0.2 0.6% ± 0.1   100.0% 
EHV-030 4 8.50 5.45 1.56     99.5% ± 0.1 0.5% ± 0.1   100.0% 
EHV-034 3 8.54 5.44 1.57     96.8% ± 0.1 0.6% ± 0.1 2.6% ± 0.1  100.0% 
EHV-059 4 8.23 5.45 1.51     98.2% ± 0.1    100.0% 
EHV-063 4 8.51 5.47 1.56     99.9% ± 0.1 0.9% ± 0.1   100.0% 
EHV-075 1 8.75 4.96 1.76     62.4% ± 0.2 0.5% ± 0.1   100.0% 
EHV-076 1 7.60 4.89 1.55     70.4% ± 0.2 0.3% ± 0.1   100.0% 
EHV-078 4 8.26 4.68 1.76   2.4% ± 0.2  48.7% ± 0.2    100.0% 
EHV-079 4 8.04 4.96 1.62     78.8% ± 0.2    100.0% 
EHV-081 1 9.40 5.11 1.84 3.2% ± 0.2  6.1% ± 0.3  63.8% ± 0.3 0.7% ± 0.1   100.0% 
EHV-083 1 7.75 5.27 1.47     89.0 ± 0.3% 1.6% ± 0.1   100.0% 
EHV-084 2 9.21 4.85 1.90   12.5% ± 0.4  55.9% ± 0.3 0.7% ± 0.1   100.0% 
EHV-087 6 7.77 4.77 1.63 3.4% ± 0.3 17.0% ± 0.3  2.8% ± 0.1 50.6% ± 0.4    100.0% 
EHV-088 1 8.26 4.86 1.70   5.2% ± 0.3  42.8% ± 0.2    100.0% 
EHV-090 4 8.08 5.35 1.51     93.8% ± 0.1 1.1% ± 0.1   100.0% 
EHV-091 2 8.62 5.03 1.71   3.5% ± 0.2  57.9% ± 0.2 1.6% ± 0.1  0.8% ± 0.1 100.0% 









Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-001 410785 6745684 4300   Argenta  x    
EHV-002 409389 6750259 3919   Aguilar  x    
EHV-003 406343 6752149 4047   Filo Federico  x < 0.03 0.4 x 
EHV-004 409760 6744634 4414   Argenta  x    
EHV-005 409759 6744627 4412   Argenta  x    
EHV-006 409787 6744542 4405   Argenta  x    
EHV-007 409975 6744607 4409   Argenta  x < 0.03 1.6 x 
EHV-008 409975 6744607 4409   Argenta  x    
EHV-009 413007 6750704 4589   Fabiana  x < 0.03 0.3 x 
EHV-010 412186 6749710 4270   Fabiana  x < 0.03 < 0.2 x 
EHV-011 412177 6749708 4270   Fabiana  x 0.03 < 0.2 x 
EHV-012 407737 6749336 4267   Amable A4265 x < 0.03 0.2 x 
EHV-013 407726 6749336 4267   Amable A4265 x < 0.03 11.3 x 
EHV-014 407731 6749342 4267   Amable A4265 x < 0.03 0.5 x 
EHV-015 407733 6749417 4265   Amable A4265 x < 0.03 3.5 x 
EHV-016 407726 6749435 4267   Amable A4265 x < 0.03 1.2 x 
EHV-017 407727 6749464 4266   Amable A4265 x < 0.03 0.6 x 
EHV-018 407721 6749504 4266   Amable A4265 x < 0.03 < 0.2 x 
EHV-019 407298 6749802 4470 58.7 58.9 Amable DDH-084 x < 0.03 < 0.2  
EHV-020 407298 6749802 4470 65.45 65.7 Amable DDH-084 x    
EHV-021 407298 6749802 4470 193.2 193.35 Amable DDH-084 x 0.012 0.5  
EHV-022 407298 6749802 4470 207.75 207.9 Amable DDH-084 x 0.037 5.9  
EHV-023 407298 6749802 4470 224.9 225.1 Amable DDH-084 x 0.074 4  
EHV-024 407298 6749802 4470 272.1 272.25 Amable DDH-084 x    
EHV-025 407298 6749802 4470 310.8 311 Amable DDH-084 x 0.027 <0.5  
EHV-026 407259 6751294 4404   Filo Federico F4400 x    
EHV-027 407237 6751282 4400   Filo Federico F4400 x    
EHV-028 407211 6751270 4404   Filo Federico F4400 x    
EHV-029 407181 6751265 4405   Filo Federico F4400 x    





Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-031 407095 6751250 4400   Filo Federico F4400 x < 0.03 0.4  
EHV-032 407074 6751249 4400   Filo Federico F4400 x    
EHV-033 407042 6751242 4402   Filo Federico F4400 x    
EHV-034 407027 6751251 4400   Filo Federico F4400 x < 0.03 < 0.2 x 
EHV-035 407025 6751230 4403   Filo Federico F4400 x < 0.03 < 0.2  
EHV-036 406975 6751237 4401   Filo Federico F4400 x    
EHV-037 405916 6750173 4757   Cerro Pelado  x    
EHV-038 405921 6750179 4763   Cerro Pelado  x    
EHV-039 405985 6750161 4762   Cerro Pelado  x    
EHV-040 406140 6750114 4753   Cerro Pelado  x    
EHV-041 406152 6750097 4761   Cerro Pelado  x    
EHV-042 406152 6750097 4761   Cerro Pelado  x    
EHV-043 406237 6750050 4783   Cerro Pelado  x    
EHV-044 406206 6750053 4780   Cerro Pelado  x < 0.03 < 0.2 x 
EHV-045 406273 6749987 4778   Cerro Pelado  x    
EHV-046 406273 6749987 4778   Cerro Pelado  x    
EHV-047 406418 6750141 4755   Cerro Pelado  x    
EHV-048 406465 6750236 4752   Cerro Pelado  x    
EHV-049 406568 6750231 4722   Cerro Pelado  x    
EHV-050 406503 6750331 4739   Cerro Pelado  x    
EHV-051 406485 6750371 4738   Cerro Pelado  x    
EHV-052 406943 6750547 4592   Cuatro Esquinas  x    
EHV-053 406943 6750547 4592   Cuatro Esquinas  x    
EHV-054 409031 6746860 4222   Cerro Colorado  x 0.03 0.3 x 
EHV-055 408949 6746818 4255   Cerro Colorado  x    
EHV-056 408949 6746818 4255   Cerro Colorado  x    
EHV-057 408557 6746791 4224   Cerro Colorado  x    
EHV-058 408752 6746701 4224   Cerro Colorado  x    
EHV-059 407212 6751639 4202   Filo Federico F4205 x 0.53 19.1 x 






Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-061 407206 6751587 4208   Filo Federico F4205 x 0.3 21.4 x 
EHV-062 407193 6751544 4206   Filo Federico F4205 x 0.3 11.4 x 
EHV-063 407125 6751485 4201   Filo Federico F4205 x 0.73 7 x 
EHV-064 407310 6749289 4429   Amable A4430 x 0.29 < 0.2 x 
EHV-065 407270 6749367 4430   Amable A4430 x    
EHV-066 407245 6749408 4433   Amable A4430 x < 0.03 0.2 x 
EHV-067 407240 6749442 4429   Amable A4430 x    
EHV-068 407237 6749499 4422   Amable A4430 x    
EHV-069 407237 6749499 4422   Amable A4430 x    
EHV-070 407237 6749575 4423   Amable A4430 x    
EHV-071 407237 6749565 4423   Amable A4430 x    
EHV-072 407183 6749611 4428   Amable A4430 x    
EHV-073 407076 6751487 4202   Filo Federico F4205 x 0.59 1.2 x 
EHV-074 407219 6751683 4208   Filo Federico F4205 x 0.07 19.8 x 
EHV-075 407913 6749329 4145   Amable A4145 x 0.03 0.3 x 
EHV-076 407937 6749335 4145   Amable A4145 x 0.1 0.5 x 
EHV-077 407938 6749341 4145   Amable A4145 x < 0.03 < 0.2 x 
EHV-078 407946 6749325 4145   Amable A4145 x 0.62 14.2 x 
EHV-079 407924 6749332 4145   Amable A4145 x 0.43 12.5 x 
EHV-080 407897 6749347 4145   Amable A4145 x    
EHV-081 407887 6749397 4145   Amable A4145 x < 0.03 0.7 x 
EHV-082 407911 6749463 4145   Amable A4145 x 0.03 0.6 x 
EHV-083 407913 6749520 4145   Amable A4145 x 2.37 14.6 x 
EHV-084 407938 6749567 4145   Amable A4145 x 0.13 1.7 x 
EHV-085 407979 6749658 4145   Amable A4145 x 0.3 4.6 x 
EHV-086 407982 6749662 4145   Amable A4145 x < 0.03 0.3 x 
EHV-087 407989 6749677 4145   Amable A4145 x < 0.03 < 0.2 x 
EHV-088 408007 6749712 4145   Amable A4145 x < 0.03 2.8 x 
EHV-089 408022 6749726 4145   Amable A4145 x    






Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-091 408063 6749755 4145   Amable A4145 x < 0.03 2.9 x 
EHV-092 408097 6749754 4145   Amable A4145 x 1.23 7.3 x 
EHV-093 408126 6749765 4145   Amable A4145 x < 0.03 < 0.2 x 
EHV-094 407547 6749454 4401.68 14 14.1 Amable DDH-011B x 0.005 1.4  
EHV-095 407547 6749454 4401.68 23.55 23.73 Amable DDH-011B x 0.002 2.2  
EHV-096 407547 6749454 4401.68 28.8 28.94 Amable DDH-011B x 0.005 2.8  
EHV-097 407547 6749454 4401.68 39.75 39.88 Amable DDH-011B x 0.015 0.4  
EHV-098 407605 6749466 4260.76 21.2 21.4 Amable SDH-024 x 0.051 6.6  
EHV-099 407605 6749466 4260.76 24.6 24.7 Amable SDH-024 x 0.145 9.1  
EHV-100 407605 6749466 4260.76 85.9 86.1 Amable SDH-024 x 0.183 4.3  
EHV-101 407605 6749466 4260.76 136.7 137 Amable SDH-024 x 0.121 2.8  
EHV-102 407620 6749462 4260.03 7.5 7.7 Amable SDH-026 x 0.024 2.2  
EHV-103 407620 6749462 4260.03 73.5 73.75 Amable SDH-026 x 0.041 4.6  
EHV-104 407620 6749462 4260.03 101.4 101.6 Amable SDH-026 x 0.432 1.5  
EHV-105 407600 6749572 4263.46 19.9 20.25 Amable SDH-017 x 18.54 26  
EHV-106 407600 6749572 4263.46 35.15 35.25 Amable SDH-017 x 24.77 62.2  
EHV-107 407600 6749572 4263.46 37.9 38 Amable SDH-017 x 18.69 50  
EHV-108 407600 6749572 4263.46 59.1 59.15 Amable SDH-017 x 5.09 54.1  
EHV-109 407394 6749521 4500.05 78.13 78.3 Amable DDH-042 x 0.017 0.5  
EHV-110 407394 6749521 4500.05 132.7 133 Amable DDH-042 x 0.181 0.8  
EHV-111 407394 6749521 4500.05 147.6 147.75 Amable DDH-042 x 0.56 22.1  
EHV-112 407394 6749521 4500.05 152.6 153.2 Amable DDH-042 x 0.056 8  
EHV-113 407394 6749521 4500.05 189.6 189.9 Amable DDH-042 x 0.019 1.1  
EHV-114 407394 6749521 4500.05 230.37 230.65 Amable DDH-042 x 0.007 1.7  
EHV-115 407394 6749521 4500.05 226 226.2 Amable DDH-042 x 0.015 1.3  
EHV-116 407394 6749521 4500.05 226.5 226.65 Amable DDH-042 x 0.015 1.3  
EHV-117 407394 6749521 4500.05 294.1 294.25 Amable DDH-042 x 0.054 1.7  
EHV-118 407394 6749521 4500.05 352.1 354 Amable DDH-042 x 0.142 1.4  
EHV-119 408095 6749782 4262.64 82.5 82.85 Amable DDH-062 x 1.495 206  






Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-121 408095 6749782 4262.64 172.2 172.35 Amable DDH-062 x 0.0025 0.25  
EHV-122 407896 6749373 4289.52 77.7 77.9 Amable DDH-061 x 0.015 0.25  
EHV-123 407896 6749373 4289.52 156.9 157.1 Amable DDH-061 x 6.09 37.4  
EHV-124 407896 6749373 4289.52 158 158.5 Amable DDH-061 x 0.725 7.7  
EHV-125 407896 6749373 4289.52 161.9 162.05 Amable DDH-061 x 5.29 18.1  
EHV-126 407896 6749373 4289.52 181.2 181.5 Amable DDH-061 x 1.38 54  
EHV-127 407896 6749373 4289.52 227.7 228 Amable DDH-061 x 0.015 0.8  
EHV-128 407896 6749373 4289.52 237.9 238 Amable DDH-061 x 1.275 22.6  
EHV-129 407739 6749793 4346.508 77.1 77.2 Amable DDH-060 x 0.045 18.3  
EHV-130 407739 6749793 4346.508 131.4 131.55 Amable DDH-060 x 0.028 0.5  
EHV-131 407739 6749793 4346.508 153.7 154 Amable DDH-060 x 0.007 0.7  
EHV-132 407739 6749793 4346.508 159.7 160 Amable DDH-060 x 0.05 0.8  
EHV-133 407739 6749793 4346.508 191.6 192 Amable DDH-060 x 0.01 0.6  
EHV-134 407739 6749793 4346.508 202.1 202.3 Amable DDH-060 x 0.022 0.5  
EHV-135 407388 6749874 4510.58 398.2 398.3 Amable DDH-029 x 0.02 0.4  
EHV-136 407388 6749874 4510.58 415.4 415.5 Amable DDH-029 x 0.018 0.5  
EHV-137 407388 6749874 4510.58 416 416.15 Amable DDH-029 x 0.046 0.6  
EHV-138 407061 6750985 4530.67 80 80.15 Filo Federico DDH-052 x 0.044 3.9  
EHV-139 407061 6750985 4530.67 138.5 138.65 Filo Federico DDH-052 x 0.064 2.8  
EHV-140 407061 6750985 4530.67 154.1 154.18 Filo Federico DDH-052 x 0.019 0.5  
EHV-141 407061 6750985 4530.67 158.2 158.3 Filo Federico DDH-052 x 0.067 1  
EHV-142 407061 6750985 4530.67 190.05 190.3 Filo Federico DDH-052 x 0.025 0.3  
EHV-143 407061 6750985 4530.67 224.4 224.7 Filo Federico DDH-052 x 0.038 1.5  
EHV-144 407061 6750985 4530.67 237 237.1 Filo Federico DDH-052 x 0.102 2  
EHV-145 406932 6751855 4202.24 3.1 3.2 Filo Federico DDH-054 x 0.171 0.9  
EHV-146 406932 6751855 4202.24 27.1 27.2 Filo Federico DDH-054 x 0.053 0.05  
EHV-147 406932 6751855 4202.24 28.6 28.75 Filo Federico DDH-054 x 0.097 0.1  
EHV-148 406932 6751855 4202.24 29.9 29.97 Filo Federico DDH-054 x 0.143 0.4  
EHV-149 406932 6751855 4202.24 42.8 42.9 Filo Federico DDH-054 x 0.164 0.3  






Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-151 406932 6751855 4202.24 70 70.15 Filo Federico DDH-054 x 0.072 0.1  
EHV-152 406932 6751855 4202.24 338.85 338.95 Filo Federico DDH-054 x 0.139 13.9  
EHV-153 406932 6751855 4202.24 346.1 346.2 Filo Federico DDH-054 x 0.057 26.7  
EHV-154 406932 6751855 4202.24 354.5 354.6 Filo Federico DDH-054 x 0.033 29.6  
EHV-155 406932 6751855 4202.24 392.4 392.5 Filo Federico DDH-054 x 0.064 10.1  
EHV-156 406638 6751072 4470 58.7 58.8 Filo Federico DDH-086 x 0.007 <0.5  
EHV-157 406638 6751072 4470 152.9 153.1 Filo Federico DDH-086 x 0.022 0.6  
EHV-158 406638 6751072 4470 195 195.2 Filo Federico DDH-086 x 0.016 -0.5  
EHV-159 406638 6751072 4470 219.5 219.7 Filo Federico DDH-086 x -0.005 -0.5  
EHV-160 406638 6751072 4470 251 251.2 Filo Federico DDH-086 x -0.005 0.7  
EHV-161 406638 6751072 4470 264.5 264.7 Filo Federico DDH-086 x -0.005 -0.5  
EHV-162 406638 6751072 4470 357.85 358 Filo Federico DDH-086 x 0.024 <0.5  
EHV-163 406638 6751072 4470 394.9 395.2 Filo Federico DDH-086 x 0.018 <0.5  
EHV-164 412585 6749273 4180   Fabiana  x    
EHV-165 412588 6749317 4179   Fabiana  x    
EHV-166 412579 6749325 4170   Fabiana  x    
EHV-167 412569 6749324 4165   Fabiana  x    
EHV-168 407139 6751038 4507.51 389.15 389.3 Filo Federico DDH-027 x 0.445 22.7  
EHV-169 407139 6751038 4507.51 416.7 416.85 Filo Federico DDH-027 x 0.077 15.7  
EHV-170 407477 6749720 4205   Amable 4100 x    
EHV-171 408436 6749171 4108   Amable 4100 x    
EHV-172 408419 6749217 4099   Amable 4100 x    
EHV-173 408448 6749249 4097   Amable 4100 x    
EHV-174 408402 6749249 4097   Amable 4100 x    
EHV-175 408409 6749336 4095   Amable 4100 x    
EHV-176 408409 6749342 4095   Amable 4100 x    
EHV-177 407003 6751030 4415   Filo Federico 4420 x    
EHV-178 406938 6751041 4420   Filo Federico 4420 x    
EHV-179 406873 6751087 4425   Filo Federico 4420 x    






Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-181 407570 6750052 4435   Amable 4435 x    
EHV-182 407520 6751590 4430   Filo Federico  x    
EHV-183 406630 6750759 4631   Cuatro Esquinas West x    
EHV-184 405865 6750292 4702   Cuatro Esquinas West x    
EHV-185 407694 6749731 4190   Amable 4190 x 0.875   
EHV-186 407823 6749703 4190   Amable 4190 x 0.886   
EHV-187 407652 6749443 4190   Amable 4190 x 0.449   
EHV-188 407498 6749531 4190   Amable 4190 x 1.647   
EHV-189 407560 6749452 4190   Amable 4190 x 0.545   
EHV-190 406784 6751076 4416   Filo Federico 4415 x 0.358   
EHV-191 406746 6751089 4419   Filo Federico 4415 x 0.564   
EHV-192 407777 6749424 4338   Amable 4340 x    
EHV-193 407777 6749424 4338   Amable 4340 x    
EHV-194 407777 6749424 4338   Amable 4340 x    
EHV-195 407777 6749424 4338   Amable 4340 x    
EHV-196 407499 6749741 4205   Amable 4205 x    
EHV-197 407463 6749677 4205   Amable 4205 x    
EHV-198 407428 6749640 4205   Amable 4205 x    
EHV-199 407430 6749579 4205   Amable 4205 x    
EHV-200 407430 6749578 4205   Amable 4205 x    
EHV-201 407430 6749577 4205   Amable 4205 x    
EHV-202 407438 6749499 4205   Amable 4205 x    
EHV-203 407455 6749468 4205   Amable 4205 x    
EHV-204 407475 6749442 4205   Amable 4205 x    
EHV-205 407484 6749432 4205   Amable 4205 x    
EHV-206 407509 6749411 4205   Amable 4205 x    
EHV-207 407559 6749381 4205   Amable 4205 x    
EHV-208 407569 6749374 4205   Amable 4205 x    
EHV-209 407666 6749344 4205   Amable 4205 x    





Sample East UTM North UTM Elevation From m To m Area Bench/ Hole 
Facies 
Characterization Au g/t Ag g/t 
Whole Rock 
Geochemistry 
EHV-211 407720 6749365 4205   Amable 4205 x    
EHV-212 407771 6749398 4205   Amable 4205 x    
EHV-213 407592 6749151 4335   Amable 4435 x    
EHV-214 407592 6749150.5 4335   Amable 4435 x    
EHV-215 407590 6749151 4335   Amable 4435 x    
EHV-216 407667 6749161 4430   Amable 4430 x    
EHV-217 407667 6749160 4430   Amable 4430 x    
EHV-218 407590 6751745 4438   Filo Federico 4430 x    
EHV-219 407468 6751548 4420   Filo Federico 4425 x    
EHV-220 407468 6751548 4420   Filo Federico 4425 x    
EHV-221 407468 6751548 4420   Filo Federico 4425 x    
EHV-222 407479 6751634 4420   Filo Federico 4425 x    
EHV-223 407478 6751634 4420   Filo Federico 4425 x    
Type I Ore  
aggregate 
samples          
Type II Ore   
aggregate 








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-001             
EHV-002             
EHV-003 xx x   x  x   x x x 
EHV-004             
EHV-005             
EHV-006             
EHV-007 x x   x     x x x 
EHV-008             
EHV-009 x x   x x x    x x 
EHV-010 xx x   x  x   x x x 
EHV-011         x    
EHV-012        x x    
EHV-013        x     
EHV-014        x     
EHV-015        x     
EHV-016        x     
EHV-017        x     
EHV-018 x       x     
EHV-019 x            
EHV-020             
EHV-021 x            
EHV-022             
EHV-023             
EHV-024             
EHV-025             
EHV-026             
EHV-027             
EHV-028             
EHV-029             








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-031 x x   x x x    x x 
EHV-032             
EHV-033             
EHV-034 xx x      x     
EHV-035 x x           
EHV-036             
EHV-037             
EHV-038             
EHV-039             
EHV-040             
EHV-041  x           
EHV-042             
EHV-043             
EHV-044 x x           
EHV-045             
EHV-046             
EHV-047             
EHV-048             
EHV-049             
EHV-050             
EHV-051             
EHV-052             
EHV-053             
EHV-054 x            
EHV-055             
EHV-056             
EHV-057             
EHV-058             
EHV-059 x       x     








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-061  x   x        
EHV-062             
EHV-063 x x  x x   x    x 
EHV-064 x            
EHV-065             
EHV-066 x x   x x x   x x x 
EHV-067             
EHV-068             
EHV-069             
EHV-070             
EHV-071             
EHV-072             
EHV-073             
EHV-074             
EHV-075 x x   x  x x  x x x 
EHV-076        x     
EHV-077        x     
EHV-078        x     
EHV-079        x     
EHV-080             
EHV-081        x     
EHV-082        x     
EHV-083 x x   x  x x   x x 
EHV-084        x     
EHV-085        x     
EHV-086        x     
EHV-087        x     
EHV-088        x     
EHV-089             








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-091        x     
EHV-092        x     
EHV-093        x     
EHV-094             
EHV-095             
EHV-096             
EHV-097             
EHV-098             
EHV-099             
EHV-100             
EHV-101             
EHV-102             
EHV-103             
EHV-104             
EHV-105 xx x   x x       
EHV-106 xx x x x x x      x 
EHV-107 xx x   x       x 
EHV-108 xx            
EHV-109 xx x           
EHV-110             
EHV-111 xx x           
EHV-112             
EHV-113             
EHV-114 xx            
EHV-115 x x           
EHV-116             
EHV-117             
EHV-118 x        x    
EHV-119 x x x x x        








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-121             
EHV-122             
EHV-123 xx x   x       x 
EHV-124             
EHV-125 xx x   x       x 
EHV-126 xx            
EHV-127 xx            
EHV-128             
EHV-129             
EHV-130             
EHV-131             
EHV-132             
EHV-133             
EHV-134             
EHV-135             
EHV-136             
EHV-137             
EHV-138             
EHV-139 x            
EHV-140 x x           
EHV-141             
EHV-142 x            
EHV-143             
EHV-144             
EHV-145             
EHV-146 x x           
EHV-147 xx            
EHV-148             
EHV-149             








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-151 xx x           
EHV-152             
EHV-153 xx x   x       x 
EHV-154 xx x           
EHV-155             
EHV-156             
EHV-157             
EHV-158             
EHV-159             
EHV-160             
EHV-161             
EHV-162 x x   x  x   x x x 
EHV-163             
EHV-164             
EHV-165             
EHV-166             
EHV-167             
EHV-168 x            
EHV-169 xx x           
EHV-170             
EHV-171             
EHV-172             
EHV-173             
EHV-174             
EHV-175             
EHV-176             
EHV-177             
EHV-178             
EHV-179             








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-181             
EHV-182             
EHV-183             
EHV-184             
EHV-185             
EHV-186             
EHV-187             
EHV-188             
EHV-189             
EHV-190             
EHV-191             
EHV-192             
EHV-193             
EHV-194             
EHV-195             
EHV-196             
EHV-197             
EHV-198             
EHV-199             
EHV-200             
EHV-201             
EHV-202             
EHV-203             
EHV-204             
EHV-205             
EHV-206             
EHV-207             
EHV-208             
EHV-209             








Petrography SEM FESEM Qemscan EMP LA-ICP-MS XRD 
Quantitative 
XRD U-Pb Dating Ar-Ar Dating Stable Isotopes CL 
EHV-211             
EHV-212             
EHV-213             
EHV-214             
EHV-215             
EHV-216             
EHV-217             
EHV-218             
EHV-219             
EHV-220             
EHV-221             
EHV-222             
EHV-223             
Type I Ore xxxxxxxxxx            















ELECTRON MICROPROBE DATA 
ALUNITE 
    
LIN
E 




  Fe 
wt% 
  Al 
wt% 
  Si 
wt% 
   K 
wt% 
   P 
wt% 
   S 
wt% 
  As 
wt% 
  Pb 
wt% 
  Sb 
wt% 
  Ca 
wt% 
  Ba 
wt% 
  Mg 
wt% 
  Sr 
wt% 
  Ag 
wt
% 
   H 
wt
% 
   O 
wt% 
   
TOTAL 
FF: EHV-003 144 0.50 0.00 18.92 0.00 10.01 0.06 15.01 0.00 1.20 0.00 0.00 0.22 0.00 0.05 n/a 1.38 52.65 100.00 
FF: EHV-003 145 0.75 0.00 18.19 0.00 7.88 0.03 14.75 0.00 0.56 0.00 0.07 0.37 0.00 0.01 n/a 1.91 55.47 100.00 
FF: EHV-003 146 0.91 0.00 18.67 0.00 9.93 0.05 14.79 0.00 0.83 0.00 0.01 0.06 0.00 0.00 n/a 1.51 53.24 100.00 
FF: EHV-003 147 0.39 0.06 19.60 0.00 5.53 0.06 13.37 0.01 1.01 0.00 0.02 0.16 0.01 0.00 n/a 2.33 57.45 100.00 
FF: EHV-003 148 0.49 0.00 18.33 0.00 4.49 0.02 14.40 0.00 0.80 0.00 0.03 0.26 0.01 0.07 n/a 2.46 58.64 100.00 
FF: EHV-003 149 0.12 0.00 18.99 0.01 8.12 0.21 15.78 0.01 0.34 0.00 0.01 0.30 0.00 0.00 n/a 1.52 54.61 100.00 
FF: EHV-003 150 0.62 0.00 18.01 0.00 10.55 0.12 14.88 0.00 1.04 0.00 0.01 0.21 0.00 0.01 n/a 1.52 53.02 100.00 
FF: EHV-003 151 0.63 0.00 17.83 0.01 9.13 0.08 14.76 0.00 0.90 0.00 0.00 0.40 0.00 0.00 n/a 1.79 54.47 100.00 
FF: EHV-003 152 0.75 0.08 17.93 0.00 8.72 0.11 14.68 0.00 0.98 0.00 0.05 0.42 0.00 0.05 n/a 1.78 54.45 100.00 
FF: EHV-003 153 0.81 0.08 17.83 0.00 9.79 0.08 14.66 0.00 0.78 0.00 0.03 0.22 0.00 0.00 n/a 1.72 54.00 100.00 
FF: EHV-003 154 0.85 0.03 18.35 0.00 8.19 0.04 14.88 0.00 1.01 0.00 0.00 0.36 0.00 0.01 n/a 1.74 54.55 100.00 
FF: EHV-003 155 0.19 0.00 18.52 0.00 9.78 0.23 15.34 0.03 0.35 0.00 0.01 0.32 0.00 0.08 n/a 1.48 53.66 100.00 
FF: EHV-003 156 0.27 0.00 17.82 0.00 9.57 0.10 15.75 0.00 0.08 0.00 0.00 0.31 0.01 0.04 n/a 1.61 54.45 100.00 
FF: EHV-003 157 0.31 0.02 17.76 0.05 11.55 0.15 14.95 0.02 0.43 0.00 0.03 0.51 0.01 0.06 n/a 1.47 52.68 100.00 
FF: EHV-003 158 0.23 0.00 17.85 0.00 10.06 0.11 15.55 0.01 0.19 0.00 0.01 0.47 0.03 0.07 n/a 1.55 53.87 100.00 
FF: EHV-003 159 0.17 4.81 14.27 0.01 9.86 0.22 14.52 0.11 0.44 0.00 0.01 0.38 0.00 0.12 n/a 1.80 53.28 100.00 
FF: EHV-003 160 0.61 0.01 17.80 0.00 9.76 0.12 14.65 0.02 1.07 0.00 0.01 0.17 0.00 0.02 n/a 1.74 54.03 100.00 
FF: EHV-003 161 0.83 0.01 18.14 0.01 8.85 0.08 14.91 0.00 0.77 0.00 0.01 0.01 0.00 0.00 n/a 1.75 54.63 100.00 
FF: EHV-003 162 0.21 0.02 18.05 0.00 10.54 0.09 14.58 0.00 0.17 0.00 0.00 0.28 0.00 0.08 n/a 1.75 54.22 100.00 
FF: EHV-003 163 0.16 0.61 18.80 0.03 6.33 0.17 14.79 0.00 0.61 0.00 0.02 0.39 0.00 0.10 n/a 1.92 56.07 100.00 
FF: EHV-003 164 0.00 61.88 0.56 0.21 0.23 0.09 0.25 1.07 0.12 0.01 0.00 0.03 0.00 0.00 n/a 0.82 34.73 100.00 
FF: EHV-003 165 0.30 29.36 0.53 0.16 6.12 0.12 12.20 0.56 1.61 0.00 0.00 0.43 0.00 0.12 n/a 1.68 46.80 100.00 
FF: EHV-003 166 0.07 7.16 13.70 0.00 4.78 0.23 14.47 0.03 1.13 0.00 0.04 0.01 0.00 0.08 n/a 2.23 56.07 100.00 
FF: EHV-003 167 0.13 44.60 0.24 0.22 4.68 0.14 7.68 1.02 0.59 0.00 0.04 0.31 0.01 0.10 n/a 0.84 39.41 100.00 
FF: EHV-003 168 0.13 25.96 6.81 0.10 5.13 0.16 10.39 0.92 1.36 0.00 0.00 0.37 0.00 0.17 n/a 1.55 46.94 100.00 
FF: EHV-003 169 0.26 0.17 18.68 0.02 5.50 0.07 14.60 0.00 0.21 0.00 0.04 0.12 0.00 0.00 n/a 2.28 58.04 100.00 
FF: EHV-003 170 0.43 0.08 16.85 0.00 5.54 0.13 14.89 0.00 1.06 0.00 0.05 0.28 0.00 0.19 n/a 2.41 58.09 100.00 
FF: EHV-003 171 0.29 0.02 16.96 0.00 4.81 0.35 14.40 0.00 1.53 0.00 0.04 0.22 0.00 0.01 n/a 2.57 58.79 100.00 
FF: EHV-003 172 0.43 0.11 17.30 0.00 6.37 0.12 14.32 0.00 0.86 0.00 0.00 0.13 0.01 0.24 n/a 2.41 57.71 100.00 
FF: EHV-003 173 0.45 0.15 17.13 0.00 5.49 0.46 13.76 0.00 2.76 0.00 0.03 0.60 0.00 0.11 n/a 2.35 56.71 100.00 
FF= Filo Federico, AR= Argenta, FA= Fabiana, AA=Amable
 187
ALUNITE 
    
LIN
E 




  Fe 
wt% 
  Al 
wt% 
  Si 
wt% 
   K 
wt% 
   P 
wt% 
   S 
wt% 
  As 
wt% 
  Pb 
wt% 
  Sb 
wt% 
  Ca 
wt% 
  Ba 
wt% 
  Mg 
wt% 
  Sr 
wt% 
  Ag 
wt
% 
   H 
wt
% 
   O 
wt% 
   
TOTAL 
FF: EHV-003 174 0.14 0.03 17.44 0.00 6.65 0.22 13.93 0.00 1.11 0.00 0.02 0.00 0.00 0.10 n/a 2.48 57.88 100.00 
FF: EHV-003 175 0.55 0.41 17.30 0.00 5.08 0.32 14.44 0.02 1.99 0.00 0.00 0.36 0.00 0.12 n/a 2.28 57.12 100.00 
FF: EHV-003 176 0.31 0.07 17.17 0.00 4.37 0.09 14.63 0.00 1.42 0.00 0.03 0.97 0.00 0.19 n/a 2.48 58.27 100.00 
FF: EHV-003 177 0.18 0.16 18.15 0.01 5.56 0.07 15.01 0.00 0.56 0.00 0.00 0.34 0.00 0.02 n/a 2.22 57.73 100.00 
FF: EHV-003 178 0.04 5.30 15.49 0.00 4.75 0.64 12.95 0.04 3.24 0.00 0.00 0.17 0.00 0.08 n/a 2.21 55.09 100.00 
FF: EHV-003 179 0.13 18.30 7.36 0.11 5.76 0.22 9.08 0.55 1.09 0.00 0.03 0.00 0.02 0.12 n/a 3.06 54.19 100.00 
FF: EHV-003 180 0.34 0.06 19.58 0.00 10.61 0.14 14.92 0.00 1.12 0.00 0.01 0.17 0.00 0.00 n/a 1.19 51.84 100.00 
FF: EHV-003 181 0.26 0.07 19.44 0.00 10.16 0.06 15.47 0.01 0.33 0.00 0.01 0.27 0.00 0.06 n/a 1.24 52.63 100.00 
FF: EHV-003 182 0.08 0.24 24.91 0.00 5.56 0.19 14.11 0.00 1.44 0.00 0.02 0.16 0.00 0.00 n/a 0.93 52.34 100.00 
FF: EHV-003 183 0.19 12.77 8.50 0.07 3.54 0.27 9.02 0.32 1.20 0.00 0.01 0.37 0.00 0.07 n/a 3.99 59.67 100.00 
AR: EHV-007 184 0.07 0.65 7.98 2.71 3.50 0.28 7.16 0.05 2.83 0.12 0.05 0.07 0.00 0.18 n/a 5.79 68.56 100.00 
AR: EHV-007 185 0.48 0.32 17.27 0.08 12.89 0.26 14.56 0.00 0.59 0.00 0.07 0.31 0.00 0.12 n/a 1.39 51.66 100.00 
AR: EHV-007 186 0.61 0.02 18.15 0.02 9.70 0.43 15.04 0.00 0.74 0.00 0.03 0.27 0.00 0.23 n/a 1.47 53.28 100.00 
AR: EHV-007 187 0.19 0.00 17.40 0.01 14.25 0.35 14.15 0.00 0.30 0.00 0.01 0.30 0.00 0.26 n/a 1.41 51.37 100.00 
AR: EHV-007 188 0.29 0.03 17.76 0.01 13.99 0.20 14.58 0.00 0.69 0.00 0.00 0.14 0.00 0.10 n/a 1.26 50.95 100.00 
AR: EHV-007 189 0.36 0.02 17.64 0.03 12.31 0.25 14.46 0.00 1.12 0.00 0.00 0.47 0.00 0.09 n/a 1.43 51.82 100.00 
AR: EHV-007 190 1.70 0.00 18.14 0.01 9.42 0.13 15.25 0.01 0.53 0.00 0.05 0.24 0.00 0.04 n/a 1.42 53.05 100.00 
AR: EHV-007 191 1.51 0.01 18.38 0.02 9.58 0.09 14.25 0.00 0.27 0.00 0.04 0.15 0.00 0.06 n/a 1.71 53.94 100.00 
AR: EHV-007 192 1.46 0.00 17.54 0.08 10.25 0.15 14.77 0.00 0.88 0.00 0.02 0.12 0.00 0.09 n/a 1.56 53.08 100.00 
AR: EHV-007 193 1.23 0.00 16.47 0.39 10.97 0.09 13.73 0.00 2.73 0.00 0.01 0.19 0.00 0.19 n/a 1.71 52.29 100.00 
AR: EHV-007 194 1.00 0.00 17.42 0.01 10.97 0.18 14.70 0.00 0.34 0.00 0.01 0.35 0.00 0.21 n/a 1.61 53.19 100.00 
AR: EHV-007 195 0.78 0.00 17.80 0.03 11.72 0.25 15.05 0.00 0.67 0.00 0.01 0.39 0.01 0.25 n/a 1.29 51.76 100.00 
AR: EHV-007 196 0.12 0.00 19.41 0.05 5.85 0.30 14.94 0.00 1.45 0.00 0.01 0.32 0.00 0.14 n/a 1.78 55.62 100.00 
AR: EHV-007 199 0.36 0.43 15.21 0.03 11.69 0.23 13.40 0.01 0.84 0.00 0.05 0.15 0.00 0.21 n/a 2.31 55.06 100.00 
AR: EHV-007 200 0.40 0.03 16.25 0.02 10.97 0.34 13.52 0.03 0.89 0.00 0.01 0.13 0.00 0.22 n/a 2.19 55.02 100.00 
AR: EHV-007 201 0.18 0.00 16.41 0.01 14.51 0.32 13.64 0.00 0.35 0.00 0.03 0.27 0.01 0.35 n/a 1.72 52.22 100.00 
AR: EHV-007 202 0.34 0.00 16.29 0.02 12.66 0.43 13.74 0.00 1.84 0.00 0.00 0.35 0.00 0.18 n/a 1.75 52.40 100.00 
AR: EHV-007 203 0.38 0.00 14.10 3.67 10.97 0.79 12.65 0.00 4.89 0.00 0.03 0.46 0.00 0.23 n/a 1.38 50.46 100.00 
AR: EHV-007 212 0.39 0.00 16.63 1.18 11.33 0.20 13.38 0.00 1.39 0.00 0.03 0.28 0.00 0.12 n/a 1.79 53.27 100.00 
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AR: EHV-007 214 1.10 0.00 15.41 0.33 10.02 0.13 13.28 0.00 3.52 0.00 0.01 0.30 0.00 0.20 n/a 2.10 53.60 100.00 
AR: EHV-007 215 1.22 0.00 16.25 0.00 12.55 0.15 13.54 0.00 0.18 0.00 0.03 0.47 0.00 0.23 n/a 1.94 53.44 100.00 
AR: EHV-007 216 0.99 0.04 16.56 0.00 9.65 0.20 14.06 0.00 0.23 0.00 0.01 0.50 0.00 0.16 n/a 2.14 55.46 100.00 
AR: EHV-007 217 0.85 0.01 15.89 0.00 10.89 0.20 14.15 0.01 0.39 0.00 0.01 0.34 0.00 0.18 n/a 2.11 54.95 100.00 
AR: EHV-007 218 1.15 0.00 16.70 0.00 10.43 0.14 13.59 0.00 0.26 0.00 0.05 0.08 0.00 0.19 n/a 2.18 55.25 100.00 
AR: EHV-007 219 1.25 0.06 15.38 5.09 9.59 0.33 13.24 0.00 0.50 0.00 0.04 0.35 0.00 0.40 n/a 1.28 52.48 100.00 
AR: EHV-007 224 0.02 1.83 12.88 0.27 9.64 0.33 11.52 0.22 1.94 0.00 0.00 0.16 0.00 0.14 n/a 3.20 57.85 100.00 
AR: EHV-007 225 0.04 2.56 13.29 0.19 7.63 0.19 11.85 0.17 1.20 0.00 0.02 0.42 0.00 0.07 n/a 3.30 59.08 100.00 
AR: EHV-007 226 0.56 0.19 16.86 0.06 10.98 0.20 13.92 0.02 0.64 0.00 0.04 0.11 0.00 0.07 n/a 1.97 54.39 100.00 
AR: EHV-007 227 1.21 0.00 16.94 0.01 9.57 0.06 14.61 0.00 0.25 0.00 0.06 0.00 0.00 0.03 n/a 1.99 55.26 100.00 
AR: EHV-007 228 0.18 0.01 17.47 0.01 13.68 0.45 14.06 0.00 0.93 0.00 0.02 0.25 0.00 0.22 n/a 1.40 51.32 100.00 
AR: EHV-007 229 0.18 0.00 16.96 0.00 12.35 0.32 14.06 0.02 0.28 0.00 0.05 0.23 0.00 0.23 n/a 1.80 53.52 100.00 
AR: EHV-007 230 0.35 0.02 17.64 0.00 11.32 0.18 14.26 0.00 0.39 0.00 0.00 0.02 0.00 0.15 n/a 1.78 53.89 100.00 
AR: EHV-007 231 0.34 0.05 17.33 0.00 11.38 0.23 14.33 0.00 0.56 0.00 0.00 0.33 0.00 0.02 n/a 1.76 53.67 100.00 
AR: EHV-007 232 0.62 0.07 17.14 0.00 11.41 0.30 13.94 0.02 1.17 0.00 0.01 0.33 0.00 0.06 n/a 1.76 53.17 100.00 
AR: EHV-007 233 1.70 0.00 16.99 0.01 10.85 0.14 14.67 0.00 0.19 0.00 0.05 0.31 0.00 0.00 n/a 1.67 53.41 100.00 
AR: EHV-007 234 1.82 0.00 16.94 0.00 8.16 0.14 14.98 0.00 0.10 0.00 0.04 0.07 0.00 0.05 n/a 1.98 55.73 100.00 
AR: EHV-007 235 1.54 0.06 17.17 0.01 10.23 0.11 14.59 0.00 0.15 0.00 0.05 0.33 0.00 0.07 n/a 1.76 53.94 100.00 
AR: EHV-007 236 1.52 0.02 16.96 0.00 12.16 0.11 14.45 0.01 0.09 0.00 0.02 0.10 0.00 0.10 n/a 1.63 52.84 100.00 
AR: EHV-007 237 1.33 0.00 17.17 0.00 9.62 0.11 14.33 0.00 0.28 0.00 0.01 0.00 0.00 0.25 n/a 1.96 54.94 100.00 
AR: EHV-007 238 1.36 0.00 17.03 0.02 10.13 0.14 14.42 0.00 0.52 0.00 0.02 0.02 0.00 0.19 n/a 1.86 54.30 100.00 
AR: EHV-007 239 1.24 0.00 17.42 0.03 10.30 0.13 14.29 0.02 0.37 0.00 0.01 0.19 0.00 0.08 n/a 1.81 54.11 100.00 
AR: EHV-007 240 1.36 0.00 17.52 0.04 10.01 0.13 13.82 0.01 0.32 0.00 0.03 0.36 0.00 0.07 n/a 1.93 54.41 100.00 
AR: EHV-007 241 1.39 0.00 17.69 0.01 9.83 0.10 14.02 0.00 0.19 0.00 0.02 0.19 0.00 0.09 n/a 1.91 54.56 100.00 
AR: EHV-007 242 1.29 0.00 16.85 0.02 10.03 0.14 14.20 0.00 0.23 0.00 0.07 0.12 0.00 0.14 n/a 2.00 54.92 100.00 
AR: EHV-007 243 0.88 0.00 17.37 0.74 10.86 0.20 14.23 0.00 0.30 0.00 0.04 0.21 0.01 0.16 n/a 1.62 53.38 100.00 
AR: EHV-007 284 0.01 0.66 8.80 0.32 5.28 0.22 7.69 0.05 2.17 0.00 0.02 0.28 0.00 0.13 n/a 5.91 68.48 100.00 
AR: EHV-007 285 0.05 1.57 14.84 0.32 7.95 0.27 12.00 0.05 1.95 0.00 0.03 0.14 0.00 0.15 n/a 2.94 57.74 100.00 
AR: EHV-007 286 0.60 0.25 16.02 0.50 9.01 0.22 12.41 0.00 4.37 0.00 0.02 0.20 0.00 0.12 n/a 2.24 54.04 100.00 
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AR: EHV-007 288 0.83 0.00 18.78 0.02 10.72 0.30 13.95 0.00 0.88 0.00 0.04 0.21 0.00 0.21 n/a 1.50 52.56 100.00 
AR: EHV-007 289 0.21 0.00 17.82 0.05 13.86 0.36 13.87 0.00 1.15 0.00 0.02 0.24 0.00 0.20 n/a 1.35 50.88 100.00 
AR: EHV-007 290 0.14 0.04 14.18 0.08 8.02 0.38 11.00 0.07 1.14 0.00 0.06 0.49 0.00 0.18 n/a 3.65 60.56 100.00 
AR: EHV-007 291 0.20 0.03 18.54 0.04 12.25 0.30 14.30 0.00 0.64 0.00 0.05 0.19 0.00 0.26 n/a 1.36 51.85 100.00 
AR: EHV-007 292 0.32 0.00 18.16 0.01 12.66 0.22 14.05 0.00 0.54 0.00 0.02 0.12 0.00 0.31 n/a 1.49 52.10 100.00 
AR: EHV-007 293 0.29 0.00 17.25 0.18 12.21 0.31 13.05 0.04 3.03 0.00 0.03 0.25 0.01 0.38 n/a 1.63 51.35 100.00 
AR: EHV-007 294 0.28 0.07 18.45 0.07 13.22 0.21 14.23 0.02 0.95 0.00 0.01 0.23 0.00 0.34 n/a 1.22 50.71 100.00 
AR: EHV-007 295 0.10 0.86 14.16 0.35 7.63 0.28 10.85 0.05 1.44 0.00 0.05 0.18 0.00 0.20 n/a 3.59 60.27 100.00 
AR: EHV-007 296 0.08 1.74 11.72 0.24 5.71 0.17 9.91 0.03 2.05 0.00 0.03 0.20 0.01 0.08 n/a 4.49 63.54 100.00 
AR: EHV-007 297 0.05 1.01 13.68 0.21 6.85 0.31 11.43 0.00 1.57 0.00 0.02 0.06 0.01 0.12 n/a 3.66 61.01 100.00 
AR: EHV-007 298 0.04 1.25 16.63 0.11 9.60 0.37 12.38 0.01 1.11 0.00 0.01 0.10 0.00 0.18 n/a 2.42 55.79 100.00 
AR: EHV-007 299 0.03 1.27 15.75 0.14 10.34 0.35 12.64 0.03 1.46 0.00 0.01 0.01 0.00 0.18 n/a 2.40 55.39 100.00 
AR: EHV-007 300 0.04 1.16 16.74 0.13 10.42 0.29 13.03 0.01 1.13 0.00 0.01 0.25 0.00 0.15 n/a 2.12 54.53 100.00 
AR: EHV-007 301 0.04 0.94 12.70 0.28 6.21 0.31 10.17 0.01 2.04 0.00 0.01 0.21 0.00 0.10 n/a 4.24 62.76 100.00 
AR: EHV-007 302 0.11 1.29 13.83 0.22 8.03 0.33 11.35 0.06 1.33 0.00 0.03 0.11 0.00 0.14 n/a 3.45 59.74 100.00 
AR: EHV-007 303 1.24 0.16 17.64 0.16 11.23 0.21 14.27 0.04 0.86 0.00 0.04 0.30 0.00 0.09 n/a 1.49 52.27 100.00 
AR: EHV-007 304 1.29 0.04 18.18 0.00 9.70 0.12 15.68 0.00 0.21 0.00 0.02 0.12 0.00 0.01 n/a 1.38 53.24 100.00 
AR: EHV-007 305 1.43 0.00 18.50 0.00 9.56 0.10 14.68 0.02 0.17 0.00 0.02 0.01 0.00 0.07 n/a 1.61 53.84 100.00 
AR: EHV-007 306 1.44 0.00 18.58 0.00 10.03 0.11 14.47 0.00 0.21 0.00 0.01 0.12 0.01 0.09 n/a 1.57 53.36 100.00 
AR: EHV-007 307 1.64 0.00 17.81 0.00 9.60 0.11 14.79 0.00 0.15 0.00 0.02 0.01 0.00 0.08 n/a 1.69 54.10 100.00 
AR: EHV-007 308 1.52 0.00 18.81 0.00 12.37 0.10 14.41 0.00 0.12 0.00 0.03 0.04 0.00 0.10 n/a 1.23 51.27 100.00 
AR: EHV-007 309 1.46 0.00 18.32 0.00 9.78 0.14 14.44 0.00 0.18 0.00 0.02 0.20 0.00 0.21 n/a 1.63 53.64 100.00 
AR: EHV-007 310 1.20 0.00 18.82 0.01 9.98 0.17 14.30 0.00 0.26 0.00 0.01 0.03 0.00 0.23 n/a 1.58 53.41 100.00 
AR: EHV-007 311 1.06 0.00 18.37 0.00 10.21 0.12 14.38 0.00 0.41 0.00 0.01 0.10 0.00 0.21 n/a 1.63 53.50 100.00 
AR: EHV-007 312 1.03 0.05 18.59 0.00 9.14 0.13 14.20 0.00 0.09 0.00 0.00 0.24 0.00 0.15 n/a 1.80 54.57 100.00 
AR: EHV-007 313 1.26 0.00 18.38 0.00 10.11 0.19 14.45 0.00 0.22 0.00 0.02 0.46 0.00 0.14 n/a 1.56 53.20 100.00 
AR: EHV-007 314 0.81 0.01 18.65 0.00 13.43 0.23 14.34 0.00 0.13 0.00 0.03 0.45 0.00 0.20 n/a 1.14 50.57 100.00 
AR: EHV-007 315 0.67 0.00 18.52 0.01 10.99 0.26 14.25 0.00 0.06 0.00 0.00 0.11 0.00 0.29 n/a 1.58 53.25 100.00 
AR: EHV-007 316 0.59 0.04 18.34 0.00 13.56 0.25 14.79 0.00 0.08 0.00 0.00 0.40 0.00 0.22 n/a 1.10 50.63 100.00 
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AR: EHV-007 318 0.56 0.00 18.69 0.00 12.15 0.26 15.00 0.00 0.27 0.00 0.00 0.40 0.00 0.30 n/a 1.14 51.24 100.00 
AR: EHV-007 319 0.57 0.01 18.49 0.03 11.68 0.28 14.00 0.00 0.48 0.00 0.01 0.06 0.00 0.38 n/a 1.51 52.50 100.00 
AR: EHV-007 320 0.37 0.04 17.37 0.26 11.03 0.22 13.33 0.01 2.36 0.00 0.03 0.59 0.00 0.26 n/a 1.73 52.41 100.00 
AR: EHV-007 321 0.17 0.06 12.96 0.16 7.63 0.23 9.92 0.00 1.50 0.00 0.01 0.46 0.00 0.14 n/a 4.26 62.50 100.00 
AR: EHV-007 322 0.12 0.12 17.48 0.00 13.83 0.26 14.39 0.03 0.85 0.00 0.01 0.58 0.00 0.14 n/a 1.30 50.87 100.00 
AR: EHV-007 323 0.29 0.65 17.26 0.12 8.66 0.46 12.91 0.10 2.02 0.00 0.06 0.81 0.00 0.23 n/a 2.07 54.36 100.00 
AR: EHV-007 324 0.06 0.18 18.38 0.01 12.17 0.47 14.20 0.01 0.61 0.00 0.03 1.12 0.00 0.33 n/a 1.27 51.15 100.00 
AR: EHV-007 325 0.08 0.22 16.17 0.59 8.64 0.42 12.10 0.02 6.30 0.00 0.00 1.00 0.00 0.40 n/a 1.99 52.06 100.00 
AR: EHV-007 326 0.10 0.24 16.57 0.42 8.81 0.30 12.83 0.07 3.91 0.00 0.05 0.77 0.01 0.21 n/a 2.07 53.64 100.00 
AR: EHV-007 327 0.15 0.22 4.86 4.21 2.32 0.07 4.48 0.02 35.56 0.51 0.14 0.15 0.21 0.07 n/a 3.07 43.97 100.00 
AR: EHV-007 328 0.13 0.25 11.09 3.90 0.92 0.12 5.21 0.01 32.51 0.63 0.13 0.20 0.20 0.08 n/a 2.15 42.48 100.00 
FA: EHV-010 336 0.15 0.03 15.81 1.29 11.22 0.80 12.72 0.00 4.06 0.00 0.25 0.50 0.00 0.11 n/a 1.63 51.42 100.00 
FA: EHV-010 339 0.16 0.00 18.23 0.04 10.50 0.59 13.93 0.00 2.68 0.00 0.15 0.46 0.01 0.23 n/a 1.40 51.60 100.00 
FA: EHV-010 340 0.09 0.02 16.93 3.25 10.84 0.64 12.97 0.00 2.56 0.00 0.09 0.21 0.01 0.13 n/a 1.20 51.06 100.00 
FA: EHV-010 341 0.31 0.02 16.17 0.38 10.80 0.78 12.74 0.00 4.89 0.00 0.14 0.57 0.00 0.23 n/a 1.70 51.26 100.00 
FA: EHV-010 342 0.12 0.02 23.72 0.21 5.49 0.84 13.40 0.00 3.88 0.00 0.14 0.63 0.01 0.22 n/a 0.80 50.52 100.00 
FA: EHV-010 346 0.18 0.00 17.19 0.09 12.67 0.79 13.44 0.00 3.44 0.00 0.18 0.54 0.00 0.42 n/a 1.28 49.79 100.00 
FA: EHV-010 348 0.18 0.05 17.21 0.95 12.71 0.86 12.93 0.00 3.48 0.00 0.14 0.27 0.00 0.26 n/a 1.23 49.73 100.00 
FA: EHV-010 350 0.19 0.03 17.93 0.12 14.71 0.64 13.50 0.00 2.17 0.00 0.16 0.65 0.00 0.28 n/a 1.01 48.60 100.00 
FA: EHV-010 355 0.25 0.00 14.55 1.98 9.20 0.72 11.62 0.00 6.35 0.00 0.17 0.47 0.00 0.36 n/a 2.03 52.30 100.00 
FA: EHV-010 357 0.12 0.02 21.69 4.12 3.86 0.88 12.49 0.02 3.91 0.00 0.15 0.42 0.00 0.33 n/a 0.76 51.22 100.00 
FA: EHV-010 360 0.22 0.00 16.08 4.16 10.75 0.93 11.69 0.01 4.22 0.00 0.12 0.33 0.00 0.30 n/a 1.20 49.99 100.00 
FA: EHV-010 361 0.18 0.00 20.35 1.48 8.29 0.94 13.36 0.01 3.40 0.00 0.21 0.48 0.01 0.46 n/a 0.85 49.98 100.00 
FA: EHV-010 364 0.20 0.00 17.29 0.10 14.94 0.89 13.30 0.02 3.10 0.00 0.26 0.47 0.00 0.47 n/a 0.99 47.98 100.00 
FA: EHV-010 365 0.31 0.00 17.50 0.25 9.64 0.91 13.00 0.00 3.90 0.00 0.16 0.58 0.00 0.45 n/a 1.59 51.72 100.00 
FA: EHV-010 366 0.39 0.08 17.03 0.38 11.73 0.70 12.76 0.00 3.61 0.00 0.17 0.59 0.00 0.45 n/a 1.51 50.61 100.00 
FA: EHV-010 367 0.20 0.02 16.87 0.08 12.53 0.96 12.89 0.01 3.34 0.00 0.22 0.60 0.00 0.49 n/a 1.46 50.34 100.00 
FA: EHV-010 374 0.16 0.00 16.89 0.43 12.22 0.80 13.13 0.00 4.29 0.00 0.13 0.35 0.00 0.34 n/a 1.35 49.93 100.00 
FA: EHV-010 390 0.84 0.02 15.94 0.24 8.29 0.10 12.35 0.00 1.29 0.00 0.07 0.29 0.00 0.05 n/a 2.83 57.68 100.00 
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FA: EHV-010 392 0.36 0.02 15.75 0.09 11.66 0.06 12.02 0.00 0.78 0.00 0.04 0.25 0.00 0.05 n/a 2.70 56.23 100.00 
FA: EHV-010 393 0.81 0.08 10.51 0.18 5.13 0.04 8.39 0.00 0.88 0.00 0.03 0.10 0.00 0.00 n/a 5.62 68.23 100.00 
FA: EHV-010 394 0.17 0.00 8.16 1.36 4.34 0.19 6.62 0.00 1.85 0.00 0.04 0.24 0.00 0.07 n/a 6.36 70.58 100.00 
FA: EHV-010 395 0.53 0.00 8.84 0.25 4.40 0.05 6.72 0.02 1.00 0.00 0.02 0.15 0.00 0.03 n/a 6.55 71.44 100.00 
FA: EHV-010 396 0.79 0.00 16.73 0.25 9.05 0.10 13.19 0.00 1.34 0.00 0.07 0.22 0.01 0.09 n/a 2.33 55.85 100.00 
FA: EHV-010 397 0.43 0.09 20.26 0.27 7.63 0.21 12.43 0.01 1.47 0.00 0.08 0.28 0.00 0.20 n/a 1.96 54.69 100.00 
FA: EHV-010 398 0.24 0.00 3.41 0.07 1.39 0.04 2.96 0.00 0.66 0.00 0.04 0.00 0.01 0.00 n/a 9.30 81.87 100.00 
FA: EHV-010 399 1.01 0.11 13.65 1.21 6.07 0.10 11.25 0.00 5.18 0.00 0.06 0.17 0.01 0.23 n/a 3.17 57.77 100.00 
FA: EHV-010 400 0.97 0.08 16.28 0.18 8.22 0.12 12.74 0.00 1.32 0.00 0.06 0.39 0.00 0.13 n/a 2.61 56.89 100.00 
FA: EHV-010 401 1.06 0.06 17.55 0.25 9.05 0.10 13.85 0.00 1.41 0.00 0.04 0.34 0.00 0.09 n/a 1.90 54.30 100.00 
FA: EHV-010 402 0.87 0.03 16.77 0.42 9.30 0.07 12.82 0.00 1.37 0.00 0.06 0.33 0.01 0.03 n/a 2.33 55.58 100.00 
FA: EHV-010 403 0.57 0.08 14.98 4.02 8.58 0.14 11.73 0.02 1.85 0.00 0.06 0.23 0.00 0.11 n/a 2.21 55.43 100.00 
FA: EHV-010 405 0.42 0.00 27.03 1.71 2.27 0.15 9.97 0.00 1.71 0.07 0.04 0.35 0.01 0.12 n/a 1.59 54.55 100.00 
FA: EHV-010 412 0.40 0.45 6.59 4.00 3.18 0.08 5.19 0.00 16.61 0.30 1.62 0.16 0.18 0.11 n/a 4.45 56.71 100.00 
FA: EHV-010 414 0.69 0.03 18.51 0.11 13.01 0.14 13.83 0.01 1.17 0.00 0.04 0.52 0.00 0.03 n/a 1.27 50.64 100.00 
FA: EHV-010 415 0.49 0.05 18.67 0.04 9.26 0.19 13.60 0.00 0.55 0.00 0.02 0.60 0.00 0.08 n/a 1.90 54.55 100.00 
AA: EHV-075 216 1.51 0.27 19.01 0.04 8.07 0.07 14.88 0.00 0.11 0.00 0.02 0.56 0.00 0.04 0.00 1.53 53.88 100.00 
AA: EHV-075 217 2.11 0.06 18.28 0.02 9.05 0.02 14.60 0.00 0.22 0.00 0.02 0.32 0.03 0.02 0.00 1.61 53.64 100.00 
AA: EHV-075 219 0.94 0.31 18.01 0.01 10.64 0.07 14.98 0.00 0.05 0.00 0.00 0.80 0.08 0.00 0.01 1.43 52.68 100.00 
AA: EHV-075 220 1.43 0.14 18.70 0.02 10.83 0.05 13.77 0.00 0.00 0.00 0.02 0.43 0.02 0.03 0.00 1.61 52.97 100.00 
AA: EHV-075 226 1.64 0.20 18.57 0.09 8.66 0.05 15.19 0.00 0.07 0.00 0.01 0.00 0.01 0.01 0.00 1.53 53.99 100.00 
AA: EHV-075 228 1.04 0.67 18.06 0.00 13.20 0.04 14.65 0.01 0.03 0.00 0.02 0.64 0.05 0.00 0.02 1.12 50.44 100.00 
AA: EHV-075 230 0.31 0.00 17.37 0.00 8.33 0.01 14.50 0.00 0.10 0.00 0.01 0.87 0.00 0.00 0.00 2.17 56.33 100.00 
AA: EHV-075 231 0.01 0.12 17.61 0.00 10.23 0.17 15.18 0.00 0.02 0.00 0.03 0.78 0.00 0.00 0.04 1.67 54.11 100.00 
AA: EHV-075 232 0.45 0.11 17.71 0.00 8.61 0.10 15.66 0.00 0.18 0.00 0.06 0.50 0.00 0.05 0.00 1.70 54.86 100.00 
AA: EHV-075 233 0.52 0.00 18.17 0.00 8.81 0.09 15.12 0.00 0.20 0.00 0.02 0.39 0.00 0.02 0.00 1.76 54.90 100.00 
AA: EHV-075 234 0.25 0.34 17.54 0.00 8.67 0.01 15.21 0.00 0.10 0.00 0.01 0.42 0.01 0.04 0.00 1.90 55.51 100.00 
AA: EHV-115 154 0.18 0.09 17.28 0.08 8.46 0.02 14.93 0.00 0.53 0.00 0.37 0.22 0.00 0.00 0.05 2.00 55.79 100.00 
AA: EHV-115 155 0.22 0.08 18.68 0.00 10.12 0.10 14.28 0.00 0.33 0.00 0.15 0.05 0.02 0.03 0.00 1.74 54.21 100.00 
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AA: EHV-115 157 0.20 0.24 16.95 0.00 11.88 0.03 16.60 0.00 0.22 0.00 0.18 0.00 0.01 0.04 0.00 1.23 52.42 100.00 
AA: EHV-115 158 0.01 0.10 16.60 0.05 8.45 0.05 14.59 0.00 0.65 0.00 0.01 0.19 0.00 0.00 0.00 2.32 56.98 100.00 
AA: EHV-115 159 0.12 0.05 17.17 0.02 9.70 0.05 14.58 0.00 0.28 0.00 0.09 0.07 0.01 0.01 0.00 2.07 55.77 100.00 
AA: EHV-115 160 0.01 0.09 17.18 0.02 8.62 0.03 15.46 0.00 0.49 0.00 0.01 0.38 0.00 0.00 0.00 1.94 55.77 100.00 
AA: EHV-115 161 0.03 0.12 16.79 0.03 9.52 0.01 14.81 0.00 0.27 0.00 0.01 0.00 0.00 0.00 0.02 2.14 56.22 100.00 
AA: EHV-115 162 0.03 0.02 17.96 0.01 11.42 0.04 14.54 0.00 0.09 0.00 0.00 0.07 0.00 0.00 0.01 1.75 54.06 100.00 
AA: EHV-115 163 0.07 0.20 17.28 0.00 8.65 0.04 13.90 0.00 0.32 0.00 0.18 0.00 0.00 0.00 0.00 2.37 57.00 100.00 
AA: EHV-115 164 0.06 0.17 17.78 0.02 9.20 0.03 14.47 0.00 0.29 0.00 0.02 0.00 0.01 0.01 0.03 2.06 55.86 100.00 
AA: EHV-115 165 0.12 0.19 17.08 0.02 8.34 0.06 14.97 0.00 0.37 0.00 0.21 0.13 0.00 0.04 0.00 2.11 56.38 100.00 
AA: EHV-115 166 0.22 0.09 17.01 0.00 8.37 0.03 14.55 0.00 0.24 0.00 0.12 0.09 0.01 0.01 0.00 2.28 56.98 100.00 
AA: EHV-115 167 0.02 0.12 16.94 0.03 6.78 0.02 14.19 0.00 0.40 0.00 0.03 0.90 0.00 0.00 0.00 2.53 58.03 100.00 
FF: EHV-162 430 1.06 0.02 18.34 0.00 7.41 0.07 15.00 0.01 0.06 0.00 0.10 0.00 0.00 0.18 n/a 1.89 55.86 100.00 
FF: EHV-162 431 1.17 0.06 17.83 0.00 10.00 0.08 14.72 0.01 0.09 0.00 0.14 0.09 0.00 0.13 n/a 1.69 53.98 100.00 
FF: EHV-162 432 0.97 0.03 17.63 0.00 11.16 0.00 14.67 0.00 0.06 0.00 0.05 0.10 0.00 0.00 n/a 1.68 53.64 100.00 
FF: EHV-162 433 0.67 0.10 17.70 0.03 12.76 0.05 14.28 0.00 0.18 0.00 0.04 0.15 0.00 0.05 n/a 1.55 52.45 100.00 
FF: EHV-162 434 0.61 0.00 17.58 0.01 11.93 0.02 14.11 0.00 0.18 0.00 0.03 0.21 0.01 0.05 n/a 1.76 53.50 100.00 
FF: EHV-162 435 0.64 0.39 17.83 0.02 10.74 0.04 15.17 0.02 0.20 0.00 0.02 0.13 0.00 0.04 n/a 1.51 53.26 100.00 
FF: EHV-162 436 1.45 0.12 18.46 0.01 9.54 0.01 14.42 0.00 0.25 0.00 0.00 0.01 0.00 0.03 n/a 1.69 53.99 100.00 
FF: EHV-162 437 0.15 0.02 17.80 0.00 13.61 0.01 14.64 0.00 0.14 0.00 0.01 0.09 0.01 0.00 n/a 1.44 52.07 100.00 
FF: EHV-162 438 0.23 0.00 18.27 0.00 15.02 0.02 14.45 0.00 0.09 0.00 0.00 0.04 0.00 0.00 n/a 1.21 50.67 100.00 
FF: EHV-162 439 0.67 1.09 17.88 0.00 10.79 0.00 14.09 0.00 0.12 0.00 0.01 0.08 0.00 0.05 n/a 1.71 53.53 100.00 
FF: EHV-162 440 0.73 0.78 17.71 0.00 9.04 0.02 14.04 0.00 0.20 0.00 0.03 0.00 0.00 0.05 n/a 2.03 55.37 100.00 
FF: EHV-162 441 1.16 0.00 18.26 0.00 10.82 0.01 14.26 0.00 0.06 0.00 0.03 0.10 0.01 0.04 n/a 1.67 53.56 100.00 
FF: EHV-162 442 0.57 1.36 17.74 0.00 11.30 0.02 14.44 0.00 0.16 0.00 0.00 0.06 0.00 0.02 n/a 1.54 52.78 100.00 
FF: EHV-162 443 0.51 0.00 17.51 0.00 10.97 0.02 14.73 0.00 0.08 0.00 0.00 0.26 0.00 0.03 n/a 1.76 54.12 100.00 
FF: EHV-162 444 0.30 0.56 17.43 0.00 14.73 0.05 14.90 0.00 0.17 0.00 0.02 0.16 0.00 0.05 n/a 1.16 50.46 100.00 
FF: EHV-162 445 3.52 0.00 16.51 0.02 2.02 0.20 13.14 0.00 0.22 0.00 0.09 0.09 0.00 0.03 n/a 3.11 61.03 100.00 
FF: EHV-162 446 0.37 0.05 18.11 0.00 12.59 0.01 14.54 0.00 0.07 0.00 0.00 0.19 0.00 0.00 n/a 1.50 52.57 100.00 
FF: EHV-162 447 0.65 0.03 17.90 0.00 11.65 0.01 15.47 0.00 0.21 0.00 0.02 0.26 0.00 0.00 n/a 1.34 52.45 100.00 
FF: EHV-162 448 0.19 0.02 16.95 0.17 10.48 0.05 13.31 0.01 0.71 0.00 0.02 0.31 0.00 0.07 n/a 2.25 55.44 100.00 
FF: EHV-162 449 0.81 1.13 17.33 0.03 11.68 0.10 14.21 0.03 0.37 0.00 0.03 0.13 0.01 0.05 n/a 1.57 52.53 100.00 
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FA: EHV-009 239 0.07 29.95 0.58 0.07 6.75 0.59 11.77 0.73 0.89 0.00 0.02 0.69 0.00 0.08 0.00 1.59 46.23 100.00 
FA: EHV-009 240 0.06 31.11 0.33 0.02 7.13 0.57 11.95 0.92 0.44 0.00 0.00 0.41 0.00 0.06 0.00 1.44 45.57 100.00 
FA: EHV-009 241 0.11 29.32 0.36 0.03 6.92 0.44 11.93 1.02 1.64 0.00 0.02 0.21 0.00 0.03 0.00 1.64 46.33 100.00 
FA: EHV-009 242 0.06 29.35 0.33 0.01 6.50 0.58 12.22 0.96 1.39 0.00 0.00 0.28 0.00 0.05 0.00 1.62 46.65 100.00 
FA: EHV-009 243 0.04 29.73 0.14 0.02 5.93 0.15 12.37 0.97 2.22 0.00 0.00 0.05 0.00 0.00 0.03 1.68 46.66 100.00 
FA: EHV-009 244 0.05 29.87 0.16 0.00 6.83 0.14 12.45 0.79 1.70 0.00 0.00 0.06 0.00 0.00 0.00 1.60 46.35 100.00 
FA: EHV-009 245 0.06 29.90 0.43 0.01 7.06 0.51 12.20 0.81 0.81 0.00 0.00 0.49 0.00 0.05 0.03 1.52 46.12 100.00 
FA: EHV-009 246 0.03 28.87 0.31 0.01 6.86 0.48 11.92 1.08 1.62 0.00 0.00 0.40 0.00 0.07 0.01 1.70 46.61 100.00 
FA: EHV-009 247 0.06 30.15 0.45 0.23 6.82 0.52 12.05 0.87 1.69 0.00 0.00 0.39 0.00 0.07 0.00 1.40 45.31 100.00 
FA: EHV-009 248 0.06 30.65 0.20 0.01 7.03 0.46 12.47 0.84 0.41 0.00 0.00 0.05 0.00 0.07 0.00 1.50 46.26 100.00 
FA: EHV-009 249 0.07 29.89 0.19 0.03 7.06 0.37 12.72 0.47 0.25 0.00 0.00 0.00 0.00 0.05 0.00 1.64 47.25 100.00 
FA: EHV-009 261 0.04 30.55 0.13 0.00 4.61 1.38 10.12 2.70 3.51 0.00 0.00 0.01 0.00 0.00 0.00 1.64 45.31 100.00 
FA: EHV-009 263 0.05 30.69 0.10 0.00 5.97 0.25 11.90 1.23 2.02 0.00 0.00 0.00 0.00 0.00 0.00 1.63 46.15 100.00 
FA: EHV-009 264 0.06 29.47 0.14 0.00 6.76 0.74 11.39 0.69 3.14 0.00 0.00 0.12 0.00 0.02 0.00 1.65 45.81 100.00 
FA: EHV-009 265 0.10 30.56 0.14 0.06 6.83 0.18 12.40 0.24 0.52 0.00 0.01 0.02 0.00 0.00 0.00 1.71 47.23 100.00 
FA: EHV-009 266 0.09 29.93 0.13 0.04 7.01 0.29 11.79 0.66 1.18 0.00 0.01 0.00 0.00 0.00 0.00 1.80 47.08 100.00 
FA: EHV-009 267 0.05 29.15 0.09 0.02 6.50 0.77 11.14 1.10 4.05 0.00 0.00 0.10 0.00 0.00 0.00 1.65 45.38 100.00 
FA: EHV-009 268 0.06 30.13 0.16 0.01 7.41 0.16 11.84 0.59 0.29 0.00 0.00 0.03 0.00 0.00 0.03 1.85 47.44 100.00 
FA: EHV-009 269 0.10 29.49 0.14 0.10 6.88 0.17 12.10 0.52 0.46 0.00 0.00 0.00 0.01 0.00 0.04 1.92 48.09 100.00 
FA: EHV-009 270 0.09 30.12 0.12 0.08 6.69 0.21 12.56 0.59 0.43 0.00 0.02 0.11 0.00 0.00 0.00 1.69 47.27 100.00 
FA: EHV-009 271 0.08 30.44 0.12 0.02 6.93 0.39 12.71 1.27 0.19 0.00 0.00 0.07 0.00 0.00 0.00 1.47 46.31 100.00 
FA: EHV-009 272 0.06 30.24 0.18 0.03 6.76 0.21 12.20 0.70 0.28 0.00 0.00 0.00 0.00 0.00 0.02 1.79 47.54 100.00 
FA: EHV-009 273 0.07 29.99 0.09 0.00 6.41 0.50 11.91 1.09 2.93 0.00 0.00 0.00 0.00 0.00 0.00 1.53 45.47 100.00 
FA: EHV-009 274 0.05 30.13 0.11 0.01 6.37 0.53 11.56 1.18 3.02 0.00 0.01 0.09 0.00 0.00 0.00 1.56 45.38 100.00 
FA: EHV-009 275 0.03 29.69 0.07 0.01 6.64 0.63 11.16 1.20 3.29 0.00 0.00 0.08 0.00 0.01 0.00 1.66 45.52 100.00 
FA: EHV-009 276 0.05 28.89 0.15 0.03 5.95 0.85 11.22 1.67 2.59 0.00 0.00 0.04 0.00 0.00 0.00 1.80 46.76 100.00 
FA: EHV-009 277 0.06 29.73 0.13 0.02 6.29 0.61 11.57 1.22 3.37 0.00 0.01 0.00 0.00 0.00 0.00 1.57 45.44 100.00 
FA: EHV-009 278 0.06 29.28 0.13 0.02 6.50 0.14 12.00 0.90 1.55 0.00 0.00 0.06 0.00 0.00 0.00 1.87 47.49 100.00 
FA: EHV-009 279 0.05 30.35 0.14 0.02 6.43 0.55 11.86 1.17 3.10 0.00 0.01 0.10 0.00 0.00 0.06 1.40 44.76 100.00 
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FA: EHV-009 281 0.07 30.58 0.17 0.01 7.01 0.15 12.27 0.61 0.27 0.00 0.02 0.04 0.00 0.00 0.02 1.70 47.06 100.00 
FA: EHV-009 282 0.04 31.00 0.19 0.01 7.00 0.12 12.21 0.54 0.21 0.00 0.00 0.04 0.00 0.00 0.00 1.69 46.96 100.00 
FA: EHV-009 292 0.09 30.35 0.61 0.27 7.43 0.43 12.45 0.46 0.14 0.00 0.03 0.09 0.00 0.09 0.04 1.42 46.09 100.00 
FA: EHV-009 294 0.12 28.88 1.04 0.12 6.79 0.88 11.99 0.35 0.13 0.00 0.09 0.13 0.01 0.31 0.00 1.67 47.49 100.00 
FA: EHV-009 304 0.08 29.51 0.52 0.58 6.22 1.00 11.18 0.47 0.32 0.00 0.10 0.50 0.01 0.28 0.08 1.76 47.42 100.00 
FA: EHV-009 305 0.07 31.79 0.36 0.04 6.82 0.76 11.67 0.23 0.15 0.00 0.04 0.38 0.00 0.15 0.00 1.51 46.04 100.00 
FA: EHV-009 307 0.06 30.74 0.64 0.02 6.90 0.96 11.56 0.30 0.17 0.00 0.05 0.40 0.00 0.26 0.02 1.56 46.37 100.00 
FF: EHV-030 471 0.09 23.35 0.73 0.33 5.54 0.10 10.81 0.13 0.21 0.00 0.05 0.42 0.02 0.00 n/a 3.31 54.93 100.00 
FF: EHV-030 472 0.18 30.20 0.52 0.09 6.21 0.08 12.48 0.45 0.20 0.00 0.03 0.58 0.01 0.01 n/a 1.68 47.26 100.00 
FF: EHV-030 473 0.09 29.53 0.65 0.10 7.15 0.18 12.12 0.35 0.37 0.00 0.02 0.76 0.00 0.08 n/a 1.69 46.91 100.00 
FF: EHV-030 475 0.11 30.58 0.45 0.07 6.52 0.20 12.84 0.32 0.07 0.00 0.03 0.56 0.01 0.00 n/a 1.52 46.72 100.00 
FF: EHV-030 476 0.16 31.85 0.20 0.13 7.02 0.12 12.52 0.20 0.22 0.00 0.00 0.19 0.00 0.00 n/a 1.44 45.94 100.00 
FF: EHV-030 477 0.02 31.64 0.25 0.04 7.55 0.07 13.22 0.02 0.12 0.00 0.01 0.20 0.00 0.05 n/a 1.28 45.52 100.00 
FF: EHV-030 478 0.20 30.76 0.62 0.03 6.73 0.16 12.92 0.48 0.48 0.00 0.00 0.37 0.00 0.00 n/a 1.37 45.89 100.00 
FF: EHV-030 479 0.09 30.27 0.40 2.22 6.55 0.09 12.66 0.18 0.15 0.00 0.01 0.36 0.00 0.00 n/a 1.18 45.84 100.00 
FF: EHV-030 480 0.19 21.64 0.47 0.64 5.35 0.04 9.51 0.04 0.08 0.00 0.17 0.33 0.05 0.00 n/a 3.97 57.54 100.00 
FF: EHV-030 481 0.13 31.39 0.45 0.04 7.33 0.16 12.80 0.26 0.14 0.00 0.02 0.61 0.00 0.00 n/a 1.30 45.37 100.00 
FF: EHV-030 482 0.20 31.61 0.25 0.03 7.03 0.08 13.17 0.20 0.33 0.00 0.00 0.27 0.00 0.00 n/a 1.29 45.54 100.00 
FF: EHV-030 483 0.15 31.84 0.35 0.03 6.99 0.06 12.68 0.19 0.15 0.00 0.00 0.36 0.00 0.00 n/a 1.40 45.79 100.00 
FF: EHV-030 484 0.24 31.25 0.64 0.05 7.02 0.13 12.44 0.55 0.26 0.00 0.00 0.45 0.00 0.02 n/a 1.38 45.57 100.00 
FF: EHV-030 486 0.06 28.66 0.43 2.86 6.19 0.28 10.66 0.71 1.89 0.00 0.05 0.94 0.00 0.02 n/a 1.47 45.76 100.00 
FF: EHV-030 487 0.05 31.11 0.49 0.09 6.82 0.17 12.75 0.49 0.50 0.00 0.00 0.84 0.00 0.00 n/a 1.31 45.36 100.00 
FF: EHV-030 488 0.21 32.59 0.35 0.06 6.76 0.07 12.97 0.19 0.31 0.00 0.01 0.45 0.00 0.00 n/a 1.18 44.85 100.00 
FF: EHV-030 489 0.06 30.72 0.27 0.13 7.16 0.09 12.22 0.25 0.65 0.00 0.00 0.45 0.00 0.03 n/a 1.60 46.37 100.00 
FF: EHV-030 490 0.15 30.46 0.65 2.57 6.90 0.11 13.08 0.40 0.42 0.00 0.02 0.37 0.00 0.08 n/a 0.76 44.04 100.00 
FF: EHV-030 491 0.56 29.22 0.62 0.27 7.09 0.14 12.30 0.09 0.30 0.00 0.07 0.30 0.04 0.00 n/a 1.70 47.30 100.00 
FF: EHV-030 492 0.16 31.48 0.38 0.11 7.00 0.00 12.67 0.08 0.11 0.00 0.01 0.37 0.01 0.01 n/a 1.46 46.15 100.00 
FF: EHV-030 493 0.10 31.39 0.48 0.18 7.42 0.03 12.57 0.02 0.13 0.00 0.08 0.17 0.01 0.01 n/a 1.43 45.99 100.00 
FF: EHV-030 495 0.09 28.93 0.46 0.09 6.51 0.18 12.21 0.18 0.04 0.00 0.04 0.54 0.01 0.00 n/a 1.99 48.73 100.00 
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FF: EHV-030 497 0.05 30.94 0.34 0.07 7.34 0.18 12.65 0.13 0.73 0.00 0.01 0.41 0.00 0.00 n/a 1.41 45.73 100.00 
FF: EHV-030 498 0.14 31.90 0.30 0.05 6.81 0.06 12.68 0.31 0.26 0.00 0.03 0.29 0.00 0.00 n/a 1.39 45.77 100.00 
FF: EHV-030 499 0.09 30.51 0.37 0.08 6.42 0.12 12.81 0.45 0.30 0.00 0.02 0.66 0.00 0.01 n/a 1.53 46.63 100.00 
FF: EHV-030 500 0.17 30.66 0.37 0.23 5.96 0.13 11.64 0.34 0.55 0.00 0.02 0.53 0.00 0.01 n/a 1.85 47.54 100.00 
FF: EHV-030 503 0.06 28.73 0.37 0.12 6.43 0.15 11.17 0.16 0.16 0.00 0.00 0.37 0.00 0.00 n/a 2.36 49.92 100.00 
FF: EHV-030 504 0.16 31.29 0.38 0.18 7.08 0.10 12.94 0.35 0.26 0.00 0.03 0.56 0.00 0.00 n/a 1.28 45.38 100.00 
FF: EHV-030 506 0.25 32.13 0.35 0.19 6.41 0.10 12.38 0.31 0.30 0.00 0.03 0.27 0.00 0.00 n/a 1.42 45.86 100.00 
FF: EHV-030 507 0.02 31.34 0.37 0.05 7.17 0.17 12.40 0.57 1.26 0.00 0.00 0.54 0.01 0.01 n/a 1.30 44.79 100.00 
FF: EHV-030 508 0.15 31.27 0.70 0.06 6.71 0.24 12.40 0.72 0.75 0.00 0.02 1.09 0.00 0.09 n/a 1.23 44.59 100.00 
FF: EHV-030 509 0.17 31.56 0.22 0.31 6.76 0.08 13.03 0.27 0.09 0.00 0.01 0.39 0.00 0.00 n/a 1.32 45.78 100.00 
FF: EHV-030 513 0.07 31.18 0.52 0.01 6.83 0.19 13.27 0.27 0.20 0.00 0.00 0.62 0.00 0.05 n/a 1.25 45.53 100.00 
FF: EHV-030 514 0.31 31.40 0.56 0.06 6.97 0.07 12.75 0.11 0.06 0.00 0.00 0.15 0.00 0.00 n/a 1.42 46.13 100.00 
FF: EHV-030 515 0.11 31.92 0.32 0.03 7.25 0.04 13.04 0.12 0.04 0.00 0.00 0.27 0.00 0.03 n/a 1.30 45.52 100.00 
FF: EHV-030 516 0.05 36.27 0.51 0.27 3.76 0.14 12.53 0.55 0.27 0.00 0.01 0.69 0.00 0.07 n/a 0.96 43.95 100.00 
FF: EHV-031 98 0.07 32.08 0.10 0.00 7.54 0.09 13.12 0.07 0.18 0.00 0.00 0.22 0.00 0.00 0.00 1.26 45.25 100.00 
FF: EHV-031 99 0.60 32.44 0.09 0.02 6.37 0.14 12.85 0.22 0.11 0.00 0.00 0.01 0.00 0.00 0.00 1.36 45.80 100.00 
FF: EHV-031 100 0.14 32.86 0.10 0.05 7.04 0.06 12.73 0.08 0.28 0.00 0.00 0.12 0.00 0.00 0.00 1.30 45.24 100.00 
FF: EHV-031 101 0.05 32.45 0.14 0.01 7.82 0.06 13.19 0.07 0.18 0.00 0.01 0.31 0.00 0.00 0.07 1.12 44.52 100.00 
FF: EHV-031 102 0.65 32.27 0.11 0.04 6.03 0.13 13.18 0.21 0.39 0.00 0.00 0.05 0.00 0.00 0.04 1.28 45.61 100.00 
FF: EHV-031 103 0.12 32.55 0.20 0.02 6.62 0.09 12.78 0.20 0.31 0.00 0.00 0.42 0.00 0.00 0.00 1.31 45.38 100.00 
FF: EHV-031 104 0.04 32.63 0.15 0.01 6.56 0.02 13.82 0.06 0.19 0.00 0.00 0.27 0.01 0.02 0.06 1.10 45.07 100.00 
FF: EHV-031 105 0.17 32.88 0.08 0.03 7.47 0.13 13.42 0.07 0.20 0.00 0.01 0.15 0.00 0.00 0.00 1.03 44.35 100.00 
FF: EHV-031 106 0.14 32.65 0.14 0.12 7.34 0.25 12.87 0.13 0.64 0.00 0.00 0.04 0.00 0.03 0.05 1.13 44.47 100.00 
FF: EHV-031 107 0.66 32.99 0.00 0.00 5.77 0.07 13.36 0.18 0.05 0.00 0.00 0.11 0.00 0.00 0.02 1.23 45.55 100.00 
FF: EHV-031 108 0.11 32.37 0.24 0.01 7.45 0.07 12.71 0.13 0.24 0.00 0.00 0.20 0.00 0.00 0.00 1.29 45.16 100.00 
FF: EHV-031 110 0.07 30.87 0.09 0.03 7.29 0.09 13.27 0.17 0.34 0.00 0.00 0.55 0.00 0.00 0.00 1.37 45.86 100.00 
FF: EHV-031 111 0.11 30.41 0.07 0.02 6.68 0.09 13.18 0.23 0.15 0.00 0.00 0.84 0.00 0.00 0.00 1.53 46.70 100.00 
FF: EHV-031 112 0.10 30.26 0.10 0.05 6.66 0.07 12.88 0.24 0.17 0.00 0.00 0.58 0.00 0.00 0.02 1.66 47.22 100.00 
FF: EHV-031 113 0.33 31.69 0.11 0.03 6.59 0.01 12.99 0.08 0.20 0.00 0.01 0.54 0.00 0.01 0.05 1.41 45.94 100.00 
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EE: EHV-066 118 0.41 29.05 0.58 0.01 6.82 0.09 13.07 0.27 0.48 0.00 0.00 0.40 0.00 0.02 0.08 1.60 47.12 100.00 
EE: EHV-066 119 0.20 26.88 1.06 0.01 5.70 0.39 11.29 1.05 4.33 0.00 0.00 0.31 0.00 0.03 0.05 1.89 46.82 100.00 
EE: EHV-066 120 0.08 28.94 0.32 0.00 6.75 0.10 12.57 0.35 0.48 0.00 0.03 0.14 0.00 0.00 0.05 1.89 48.29 100.00 
EE: EHV-066 121 0.14 28.54 0.87 0.03 6.99 0.25 11.84 0.52 2.20 0.00 0.00 0.37 0.00 0.04 0.03 1.70 46.49 100.00 
EE: EHV-066 122 0.04 23.50 0.80 0.00 6.19 0.33 10.83 1.63 3.87 0.00 0.01 0.39 0.00 0.04 0.01 2.55 49.82 100.00 
EE: EHV-066 123 0.05 29.69 0.53 0.01 6.84 0.16 12.34 1.22 0.72 0.00 0.01 0.43 0.00 0.00 0.00 1.59 46.42 100.00 
EE: EHV-066 124 0.04 28.21 0.72 0.01 6.37 0.20 11.06 1.81 4.37 0.00 0.00 0.16 0.00 0.03 0.05 1.69 45.29 100.00 
EE: EHV-066 125 0.01 27.75 0.65 0.00 6.56 0.23 11.57 1.66 4.36 0.00 0.00 0.22 0.00 0.00 0.00 1.64 45.34 100.00 
EE: EHV-066 126 0.03 27.08 0.87 0.01 5.30 0.46 10.70 2.12 7.26 0.00 0.00 0.21 0.00 0.11 0.01 1.62 44.23 100.00 
EE: EHV-066 127 0.02 25.73 0.87 0.01 5.08 0.43 10.11 2.81 8.73 0.00 0.00 0.14 0.00 0.00 0.02 1.78 44.28 100.00 
EE: EHV-066 128 0.04 26.84 1.22 0.00 4.58 1.05 9.97 1.90 10.73 0.02 0.00 0.14 0.00 0.07 0.00 1.36 42.09 100.00 
EE: EHV-066 129 0.13 28.57 1.11 0.01 5.95 0.39 11.68 1.47 5.31 0.00 0.01 0.39 0.00 0.04 0.05 1.28 43.62 100.00 
EE: EHV-066 130 0.06 28.48 0.81 0.26 5.65 0.37 11.59 1.60 5.47 0.00 0.00 0.29 0.00 0.00 0.00 1.36 44.05 100.00 
EE: EHV-066 131 0.09 28.74 0.74 0.01 6.32 0.40 11.62 1.06 4.28 0.00 0.01 0.48 0.00 0.03 0.00 1.48 44.74 100.00 
EE: EHV-066 132 0.21 30.81 0.94 0.02 7.01 0.04 12.55 0.19 0.18 0.00 0.01 0.04 0.00 0.00 0.02 1.50 46.46 100.00 
EE: EHV-066 133 0.26 31.03 0.84 0.01 7.46 0.06 13.00 0.17 0.16 0.00 0.00 0.10 0.00 0.02 0.01 1.29 45.58 100.00 
EE: EHV-066 134 0.10 29.46 0.72 0.01 5.94 0.45 10.93 1.53 5.89 0.00 0.00 0.23 0.00 0.03 0.00 1.37 43.36 100.00 
EE: EHV-066 135 0.27 30.52 0.58 0.02 6.76 0.04 13.27 0.15 0.39 0.00 0.01 0.13 0.00 0.05 0.08 1.40 46.31 100.00 
EE: EHV-066 136 0.02 29.23 0.61 0.00 5.66 0.30 11.50 1.97 6.15 0.00 0.00 0.11 0.00 0.02 0.01 1.28 43.14 100.00 
EE: EHV-066 137 0.05 28.94 0.88 0.00 6.42 0.45 11.44 1.56 5.77 0.00 0.00 0.21 0.00 0.07 0.11 1.21 42.89 100.00 
EE: EHV-066 138 0.30 31.74 0.69 0.02 7.28 0.08 12.85 0.23 0.73 0.00 0.00 0.13 0.00 0.04 0.00 1.18 44.72 100.00 
AA: EHV-075 210 0.16 30.88 0.09 0.01 6.84 0.06 13.11 0.02 0.04 0.00 0.00 0.18 0.00 0.02 0.00 1.57 47.01 100.00 
AA: EHV-075 211 0.05 30.71 0.11 0.01 7.21 0.08 12.24 0.03 0.08 0.00 0.00 0.22 0.00 0.01 0.00 1.79 47.45 100.00 
AA: EHV-075 212 0.39 31.80 0.09 0.01 6.16 0.06 13.17 0.04 0.11 0.01 0.00 0.06 0.00 0.00 0.00 1.47 46.65 100.00 
AA: EHV-075 213 0.62 32.53 0.13 0.02 6.19 0.10 13.03 0.00 0.16 0.00 0.00 0.19 0.00 0.00 0.02 1.31 45.69 100.00 
AA: EHV-075 214 0.59 32.60 0.11 0.00 6.40 0.11 13.07 0.05 0.12 0.00 0.00 0.27 0.00 0.00 0.00 1.26 45.41 100.00 
AA: EHV-075 215 0.24 31.75 0.13 0.00 7.27 0.05 13.16 0.02 0.15 0.00 0.00 0.13 0.00 0.01 0.00 1.34 45.74 100.00 
AA: EHV-075 222 0.19 31.44 0.13 0.00 6.83 0.09 13.41 0.02 0.15 0.00 0.00 0.24 0.00 0.00 0.04 1.36 46.11 100.00 
AA: EHV-075 223 0.65 32.03 0.08 0.01 6.47 0.04 12.89 0.00 0.15 0.00 0.00 0.08 0.01 0.00 0.00 1.43 46.14 100.00 
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AA: EHV-075 225 0.27 31.39 0.17 0.01 7.18 0.10 13.77 0.01 0.20 0.00 0.00 0.29 0.00 0.02 0.00 1.18 45.41 100.00 
AA: EHV-090 168 0.02 29.69 1.29 0.02 7.61 0.00 13.05 0.72 0.11 0.00 0.00 0.09 0.00 0.03 0.12 1.34 45.91 100.00 
AA: EHV-090 169 0.00 28.02 1.11 0.00 7.79 0.07 12.52 0.64 0.30 0.00 0.00 0.21 0.00 0.04 0.04 1.74 47.53 100.00 
AA: EHV-090 170 0.00 30.61 0.37 0.02 7.89 0.02 12.00 0.75 0.12 0.00 0.00 0.03 0.00 0.07 0.01 1.65 46.45 100.00 
AA: EHV-090 171 0.04 29.72 0.68 0.02 7.24 0.00 12.75 0.51 0.09 0.00 0.00 0.16 0.00 0.00 0.00 1.64 47.16 100.00 
AA: EHV-090 172 0.00 29.34 0.62 0.00 7.65 0.00 12.64 0.36 0.08 0.00 0.00 0.05 0.00 0.00 0.02 1.73 47.51 100.00 
AA: EHV-090 173 0.02 31.25 0.19 0.01 7.53 0.05 12.75 0.53 0.09 0.00 0.00 0.10 0.00 0.00 0.00 1.45 46.02 100.00 
AA: EHV-090 174 0.03 30.79 0.33 0.00 7.14 0.10 12.63 0.26 0.31 0.00 0.00 0.08 0.00 0.03 0.00 1.59 46.73 100.00 
AA: EHV-090 175 0.02 30.14 0.46 0.00 7.73 0.14 12.67 0.18 0.63 0.00 0.00 0.35 0.00 0.01 0.00 1.50 46.17 100.00 
AA: EHV-090 176 0.06 28.24 0.67 0.25 6.69 0.18 12.35 0.27 1.45 0.00 0.00 0.36 0.00 0.04 0.00 1.80 47.64 100.00 
AA: EHV-090 177 0.03 29.54 1.05 0.01 7.33 0.00 12.65 0.82 0.11 0.00 0.00 0.22 0.00 0.06 0.02 1.54 46.61 100.00 
AA: EHV-090 178 0.02 30.41 0.27 0.01 7.56 0.01 13.04 0.24 0.10 0.00 0.00 0.00 0.00 0.00 0.11 1.54 46.70 100.00 
AA: EHV-090 179 0.05 29.73 1.14 0.00 7.57 0.01 12.77 0.74 0.13 0.00 0.00 0.19 0.00 0.05 0.00 1.44 46.18 100.00 
AA: EHV-090 180 0.00 30.62 0.40 0.00 8.04 0.03 12.10 1.47 0.05 0.00 0.00 0.21 0.00 0.22 0.00 1.46 45.41 100.00 
AA: EHV-090 181 0.00 29.62 0.39 0.01 8.02 0.00 12.09 2.14 0.07 0.00 0.00 0.39 0.00 0.34 0.00 1.49 45.44 100.00 
AA: EHV-090 182 0.01 29.78 0.45 0.02 7.15 0.02 12.33 1.26 0.03 0.00 0.00 0.76 0.00 0.16 0.03 1.60 46.39 100.00 
AA: EHV-090 183 0.01 30.35 0.57 0.01 7.88 0.07 12.77 0.19 0.09 0.00 0.00 0.08 0.00 0.00 0.00 1.51 46.47 100.00 
AA: EHV-090 184 0.00 30.40 0.53 0.01 7.48 0.13 12.47 0.12 0.10 0.00 0.00 0.15 0.00 0.00 0.00 1.64 46.98 100.00 
AA: EHV-090 185 0.02 27.63 1.92 0.00 7.77 0.00 12.67 0.37 0.05 0.00 0.00 0.22 0.00 0.02 0.00 1.68 47.63 100.00 
AA: EHV-090 186 0.04 30.00 1.23 0.01 7.92 0.01 12.75 0.21 0.05 0.00 0.00 0.15 0.00 0.00 0.00 1.43 46.19 100.00 
AA: EHV-090 187 0.03 30.16 0.51 0.02 7.55 0.03 12.54 0.47 0.21 0.00 0.00 0.23 0.00 0.05 0.05 1.58 46.57 100.00 
AA: EHV-090 188 0.01 31.46 0.68 0.00 6.87 0.14 12.63 0.44 0.19 0.00 0.00 0.00 0.00 0.00 0.00 1.43 46.13 100.00 
AA: EHV-090 189 0.01 30.19 0.57 0.01 7.38 0.07 12.36 0.44 0.02 0.00 0.00 0.16 0.00 0.00 0.00 1.68 47.12 100.00 
AA: EHV-090 190 0.02 28.80 1.42 0.01 8.03 0.02 13.02 0.43 0.12 0.00 0.00 0.28 0.00 0.00 0.04 1.43 46.37 100.00 
AA: EHV-090 191 0.06 29.85 0.78 0.01 7.33 0.03 12.30 0.40 0.19 0.00 0.01 0.41 0.00 0.04 0.05 1.66 46.88 100.00 
AA: EHV-090 192 0.03 30.65 0.53 0.01 7.21 0.07 12.85 0.10 0.21 0.00 0.00 0.12 0.00 0.01 0.00 1.53 46.66 100.00 
AA: EHV-090 204 0.02 30.82 0.20 0.01 6.75 0.13 12.64 0.16 0.09 0.00 0.00 0.00 0.00 0.00 0.02 1.70 47.45 100.00 
AA: EHV-090 205 0.03 31.11 0.18 0.01 7.25 0.10 12.34 0.12 0.05 0.00 0.01 0.09 0.00 0.02 0.01 1.68 47.00 100.00 
AA: EHV-090 206 0.01 31.46 0.23 0.02 7.78 0.16 12.34 0.13 0.18 0.00 0.00 0.04 0.00 0.04 0.00 1.51 46.10 100.00 
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AA: EHV-105a 92 0.09 14.81 0.23 0.27 1.96 0.08 8.44 0.23 0.68 0.24 0.00 0.80 0.00 0.00 0.05 5.80 66.34 100.00 
AA: EHV-105a 93 0.07 29.42 0.67 0.09 6.85 0.16 12.13 0.11 0.32 0.00 0.00 0.72 0.00 0.00 0.04 1.80 47.61 100.00 
AA: EHV-105a 94 0.10 25.08 0.64 0.50 6.15 0.11 10.96 0.13 0.82 0.00 0.00 0.48 0.03 0.02 0.05 2.80 52.13 100.00 
AA: EHV-106 80 0.46 28.04 1.05 0.61 5.56 0.11 11.73 0.22 0.34 0.00 0.15 0.11 0.08 0.03 0.00 2.08 49.44 100.00 
AA: EHV-106 81 0.16 23.56 1.09 0.61 6.34 0.17 10.93 0.53 1.20 0.00 0.23 0.41 0.10 0.12 0.00 2.72 51.81 100.00 
AA: EHV-106 82 0.40 31.20 0.66 0.33 6.92 0.10 12.69 0.21 0.25 0.00 0.11 0.20 0.01 0.04 0.04 1.30 45.54 100.00 
AA: EHV-106 83 0.08 24.44 0.79 0.29 5.43 0.20 9.78 0.90 2.74 0.00 0.07 0.30 0.02 0.10 0.00 2.99 51.87 100.00 
AA: EHV-106 84 0.08 15.82 0.56 0.34 3.45 0.07 6.53 0.26 0.65 0.00 0.05 0.10 0.03 0.04 0.04 5.99 65.99 100.00 
AA: EHV-106 85 0.17 19.54 0.57 0.17 4.85 0.13 8.80 0.52 1.36 0.00 0.03 0.18 0.00 0.05 0.00 4.46 59.18 100.00 
AA: EHV-106 86 0.58 32.99 0.38 0.04 6.37 0.11 12.95 0.22 0.00 0.00 0.02 0.05 0.00 0.08 0.08 1.17 44.97 100.00 
AA: EHV-106 87 0.08 29.74 1.02 0.12 7.70 0.11 13.14 0.21 0.20 0.00 0.04 0.26 0.02 0.09 0.00 1.32 45.93 100.00 
AA: EHV-106 89 0.22 32.29 0.76 0.07 6.81 0.08 12.98 0.17 0.13 0.00 0.00 0.12 0.01 0.06 0.00 1.18 45.12 100.00 
AA: EHV-106 90 0.43 32.83 0.24 0.23 7.66 0.12 12.70 0.13 0.04 0.00 0.03 0.09 0.08 0.06 0.18 1.07 44.10 100.00 
AA: EHV-115 139 0.03 29.26 0.61 0.02 7.51 0.19 12.40 0.15 0.50 0.00 0.00 0.00 0.00 0.00 0.04 1.75 47.52 100.00 
AA: EHV-115 140 0.03 27.96 0.38 0.13 7.59 0.10 12.13 0.07 1.22 0.00 0.00 0.00 0.00 0.06 0.00 2.00 48.33 100.00 
AA: EHV-115 141 0.06 28.49 0.53 0.02 7.23 0.13 12.27 0.13 0.57 0.00 0.00 0.17 0.00 0.10 0.00 1.95 48.35 100.00 
AA: EHV-115 142 0.07 29.55 0.39 0.01 6.69 0.13 12.67 0.18 0.57 0.00 0.00 0.25 0.00 0.10 0.00 1.75 47.65 100.00 
AA: EHV-115 143 0.04 29.11 0.37 0.06 7.00 0.09 12.51 0.15 0.87 0.00 0.01 0.11 0.01 0.12 0.02 1.81 47.72 100.00 
AA: EHV-115 144 0.04 29.47 0.45 0.02 7.70 0.11 12.24 0.18 0.68 0.00 0.04 0.32 0.00 0.20 0.00 1.70 46.85 100.00 
AA: EHV-115 145 0.02 28.54 0.35 0.01 7.38 0.12 11.97 0.07 0.39 0.00 0.00 0.02 0.00 0.02 0.06 2.10 48.95 100.00 
AA: EHV-115 146 0.03 29.33 0.72 0.01 6.90 0.13 12.26 0.22 0.54 0.00 0.00 0.08 0.00 0.09 0.04 1.82 47.81 100.00 
AA: EHV-115 147 0.07 30.33 0.49 0.02 7.34 0.14 12.80 0.14 0.47 0.00 0.00 0.01 0.00 0.15 0.00 1.52 46.51 100.00 
AA: EHV-115 148 0.05 30.18 0.37 0.01 7.35 0.09 12.50 0.07 0.55 0.00 0.00 0.00 0.00 0.05 0.00 1.68 47.10 100.00 
AA: EHV-115 149 0.05 29.46 0.51 0.02 7.50 0.09 12.87 0.08 0.49 0.00 0.02 0.07 0.00 0.00 0.11 1.63 47.11 100.00 
AA: EHV-115 150 0.04 29.45 0.52 0.03 7.52 0.12 12.53 0.14 0.54 0.00 0.00 0.00 0.00 0.08 0.00 1.71 47.31 100.00 
AA: EHV-115 151 0.01 29.79 0.56 0.01 7.41 0.15 12.17 0.20 0.46 0.00 0.00 0.04 0.00 0.02 0.00 1.77 47.39 100.00 
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TOTAL 
FF: EHV-031 114 0.06 0.10 0.24 0.00 0.00 0.00 14.04 0.04 0.10 0.02 0.00 60.86 0.00 0.01 0.00 0.00 28.41 103.86 
FF: EHV-031 115 0.12 0.00 0.23 0.01 0.16 0.00 14.67 0.02 0.09 0.00 0.00 61.82 0.00 0.05 0.00 0.00 29.46 106.62 
FF: EHV-031 116 0.12 0.06 0.19 0.04 0.22 0.00 13.58 0.03 0.19 0.00 0.01 60.22 0.01 0.04 0.00 0.00 27.71 102.41 
AA: EHV-083 466 0.11 0.00 0.21 0.00 0.00 0.03 13.86 0.00 0.13 0.00 0.03 63.57 0.00 0.01 n/a 0.00 28.44 106.38 
AA: EHV-083 467 0.07 0.00 0.24 0.00 0.22 0.00 14.38 0.04 0.15 0.01 0.03 61.54 0.00 0.00 n/a 0.00 29.02 105.70 
AA: EHV-083 468 0.09 0.00 0.22 0.00 0.17 0.02 14.24 0.03 0.01 0.00 0.01 61.13 0.00 0.00 n/a 0.00 28.74 104.66 
AA: EHV-083 469 0.08 0.00 0.18 0.00 0.16 0.01 13.77 0.00 0.04 0.00 0.02 61.35 0.00 0.00 n/a 0.00 28.02 103.65 
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FA: EHV-009 250 0.01 25.74 0.50 0.01 0.16 5.52 0.08 25.42 0.14 0.00 0.00 0.02 0.00 0.00 0.00 1.73 40.67 100.00 
FA: EHV-009 251 0.01 25.25 0.48 0.02 0.14 5.56 0.06 25.70 0.15 0.03 0.00 0.01 0.00 0.00 0.01 1.76 40.82 100.00 
FA: EHV-009 252 0.00 25.46 0.54 0.00 0.17 5.13 0.05 26.42 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1.73 40.39 100.00 
FA: EHV-009 253 0.00 25.63 0.55 0.01 0.20 5.41 0.03 25.96 0.13 0.00 0.00 0.00 0.00 0.00 0.00 1.70 40.39 100.00 
FA: EHV-009 254 0.01 25.42 0.59 0.01 0.15 6.29 0.09 24.53 0.18 0.00 0.02 0.00 0.00 0.01 0.00 1.69 41.01 100.00 
FA: EHV-009 255 0.02 27.58 0.40 0.02 0.11 5.98 0.04 24.85 0.17 0.01 0.00 0.03 0.00 0.00 0.01 1.43 39.36 100.00 
FA: EHV-009 256 0.01 25.90 0.44 0.01 0.14 6.09 0.08 24.73 0.14 0.06 0.00 0.00 0.00 0.00 0.14 1.65 40.60 100.00 
FA: EHV-009 257 0.02 27.31 0.60 0.02 0.22 7.78 0.24 21.60 0.12 0.00 0.00 0.00 0.00 0.00 0.00 1.39 40.70 100.00 
FA: EHV-009 258 0.04 26.50 0.00 0.01 0.63 4.52 1.65 20.84 1.12 0.02 0.00 0.02 0.00 0.02 0.01 2.01 42.60 100.00 
FA: EHV-009 259 0.02 26.85 0.00 0.03 0.25 6.76 0.34 22.80 0.10 0.00 0.01 0.00 0.00 0.01 0.08 1.63 41.12 100.00 
FA: EHV-009 260 0.03 26.74 0.17 0.02 0.21 7.85 0.29 20.45 0.05 0.02 0.00 0.02 0.00 0.00 0.02 1.71 42.42 100.00 
FA: EHV-009 262 0.04 27.90 0.18 0.03 3.35 2.83 6.04 12.83 0.94 0.01 0.02 0.02 0.00 0.00 0.00 1.80 44.03 100.00 
FA: EHV-009 283 0.06 29.80 0.11 0.00 6.53 0.18 12.46 1.57 1.63 0.00 0.00 0.05 0.00 0.00 0.00 1.55 46.06 100.00 
FA: EHV-009 284 0.05 29.88 0.12 0.00 6.72 0.15 12.53 1.04 1.54 0.00 0.00 0.00 0.00 0.00 0.07 1.58 46.31 100.00 
FA: EHV-009 285 0.03 25.85 0.36 0.02 0.14 5.73 0.09 25.23 0.12 0.00 0.02 0.00 0.00 0.00 0.00 1.71 40.69 100.00 
FA: EHV-009 286 0.02 25.03 0.43 0.02 0.18 5.15 0.16 25.92 0.19 0.02 0.00 0.03 0.00 0.00 0.02 1.84 40.98 100.00 
FA: EHV-009 287 0.01 25.69 0.39 0.02 0.11 5.21 0.07 26.41 0.22 0.07 0.00 0.02 0.00 0.00 0.00 1.68 40.11 100.00 
FF: EHV-162 426 0.89 0.47 17.65 0.03 11.15 0.05 14.27 0.00 0.31 0.00 0.10 0.12 0.00 0.14 n/a 1.65 53.18 100.00 
FF: EHV-162 427 0.62 0.96 17.17 0.00 7.19 3.25 12.08 0.03 0.47 0.00 2.06 0.77 0.07 3.61 n/a 1.16 50.54 100.00 
FF: EHV-162 428 0.45 0.88 17.77 0.00 5.79 3.82 11.22 0.01 0.41 0.00 2.35 1.28 0.15 4.23 n/a 1.16 50.49 100.00 
FF: EHV-162 429 0.47 3.16 16.08 0.01 8.49 0.94 14.17 0.03 0.38 0.00 0.46 0.36 0.02 1.28 n/a 1.53 52.63 100.00 
FF: EHV-162 451 0.63 0.88 16.69 0.19 3.82 4.21 10.60 0.05 0.66 0.00 2.38 1.42 0.15 5.88 n/a 1.38 51.06 100.00 
FF: EHV-162 452 0.54 0.92 16.51 0.19 4.43 4.52 10.01 0.02 0.72 0.00 3.24 1.40 0.09 4.06 n/a 1.55 51.81 100.00 
FF: EHV-162 453 0.47 1.10 17.23 0.01 3.78 5.32 9.67 0.02 0.41 0.00 4.10 1.26 0.14 3.93 n/a 1.32 51.24 100.00 
FF: EHV-162 454 0.52 1.65 16.33 0.01 4.05 4.92 9.78 0.02 0.71 0.00 2.97 1.40 0.18 5.50 n/a 1.36 50.60 100.00 
FF: EHV-162 455 0.50 0.92 15.91 3.15 4.69 4.69 9.75 0.01 0.36 0.00 3.53 1.65 0.11 3.75 n/a 0.97 50.03 100.00 
FF: EHV-162 456 0.49 0.88 16.36 0.01 2.90 5.39 9.61 0.06 0.39 0.00 4.10 1.82 0.13 4.85 n/a 1.46 51.54 100.00 
FF: EHV-162 457 0.53 1.36 15.96 1.60 2.42 5.28 9.31 0.00 0.46 0.00 4.20 1.44 0.10 4.41 n/a 1.36 51.57 100.00 
FF: EHV-162 458 0.60 0.55 17.51 0.00 7.15 2.36 11.99 0.04 0.29 0.00 1.08 1.05 0.09 3.84 n/a 1.52 51.93 100.00 
FF: EHV-162 459 1.07 0.36 17.17 0.03 10.86 0.06 14.14 0.00 0.25 0.00 0.10 0.38 0.00 0.20 n/a 1.78 53.60 100.00 
FF: EHV-162 460 0.78 1.93 16.31 0.01 4.88 3.91 10.83 0.01 0.60 0.00 1.72 1.32 0.12 6.35 n/a 1.26 49.98 100.00 
FF: EHV-162 461 0.46 2.07 15.96 0.01 3.01 4.74 10.31 0.06 0.64 0.00 2.79 1.31 0.09 5.71 n/a 1.45 51.38 100.00 
FF: EHV-162 462 0.78 1.01 13.73 9.91 6.47 0.67 11.52 0.00 0.28 0.00 0.40 0.09 0.00 0.72 n/a 1.17 53.24 100.00 
FF: EHV-162 463 0.69 1.10 17.87 3.16 1.90 4.68 9.72 0.00 0.73 0.00 2.11 1.89 0.15 6.52 n/a 0.66 48.82 100.00 
FF: EHV-162 464 0.71 0.23 17.12 0.00 2.15 5.50 9.41 0.00 0.36 0.00 2.76 1.67 0.14 6.99 n/a 1.46 51.51 100.00 









































FF: EHV-003 144 0.09 0.00 2.98 0.00 1.09 0.01 1.99 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 5.81 14.00 
FF: EHV-003 145 0.13 0.00 2.72 0.00 0.81 0.00 1.86 0.00 0.01 0.00 0.01 0.01 0.00 0.00 n/a 7.66 14.00 
FF: EHV-003 146 0.17 0.00 2.91 0.00 1.07 0.01 1.94 0.00 0.02 0.00 0.00 0.00 0.00 0.00 n/a 6.31 14.00 
FF: EHV-003 147 0.07 0.00 2.83 0.00 0.55 0.01 1.63 0.00 0.02 0.00 0.00 0.00 0.00 0.00 n/a 9.03 14.00 
FF: EHV-003 148 0.08 0.00 2.59 0.00 0.44 0.00 1.72 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 9.33 14.00 
FF: EHV-003 149 0.02 0.00 2.89 0.00 0.85 0.03 2.02 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 6.18 14.00 
FF: EHV-003 150 0.11 0.00 2.82 0.00 1.14 0.02 1.96 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 6.38 14.00 
FF: EHV-003 151 0.11 0.00 2.72 0.00 0.96 0.01 1.89 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 7.29 14.00 
FF: EHV-003 152 0.13 0.01 2.73 0.00 0.92 0.01 1.88 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 7.28 14.00 
FF: EHV-003 153 0.15 0.01 2.74 0.00 1.04 0.01 1.90 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 7.09 14.00 
FF: EHV-003 154 0.15 0.00 2.79 0.00 0.86 0.01 1.91 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 7.08 14.00 
FF: EHV-003 155 0.03 0.00 2.86 0.00 1.04 0.03 2.00 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 6.14 14.00 
FF: EHV-003 156 0.05 0.00 2.72 0.00 1.01 0.01 2.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.58 14.00 
FF: EHV-003 157 0.06 0.00 2.80 0.01 1.26 0.02 1.98 0.00 0.01 0.00 0.00 0.02 0.00 0.00 n/a 6.18 14.00 
FF: EHV-003 158 0.04 0.00 2.75 0.00 1.07 0.02 2.02 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.40 14.00 
FF: EHV-003 159 0.03 0.36 2.22 0.00 1.06 0.03 1.90 0.01 0.01 0.00 0.00 0.01 0.00 0.01 n/a 7.51 14.00 
FF: EHV-003 160 0.11 0.00 2.74 0.00 1.03 0.02 1.89 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 7.14 14.00 
FF: EHV-003 161 0.15 0.00 2.76 0.00 0.93 0.01 1.91 0.00 0.02 0.00 0.00 0.00 0.00 0.00 n/a 7.12 14.00 
FF: EHV-003 162 0.04 0.00 2.76 0.00 1.11 0.01 1.88 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 7.19 14.00 
FF: EHV-003 163 0.03 0.04 2.78 0.00 0.65 0.02 1.84 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 7.60 14.00 
FF: EHV-003 164 0.00 7.15 0.13 0.05 0.04 0.02 0.05 0.09 0.00 0.00 0.00 0.00 0.00 0.00 n/a 5.25 14.00 
FF: EHV-003 165 0.06 2.52 0.09 0.03 0.75 0.02 1.82 0.04 0.04 0.00 0.00 0.02 0.00 0.01 n/a 8.00 14.00 
FF: EHV-003 166 0.01 0.51 2.03 0.00 0.49 0.03 1.80 0.00 0.02 0.00 0.00 0.00 0.00 0.00 n/a 8.85 14.00 
FF: EHV-003 167 0.03 4.54 0.05 0.04 0.68 0.03 1.36 0.08 0.02 0.00 0.01 0.01 0.00 0.01 n/a 4.73 14.00 
FF: EHV-003 168 0.03 2.22 1.21 0.02 0.63 0.03 1.55 0.06 0.03 0.00 0.00 0.01 0.00 0.01 n/a 7.32 14.00 
FF: EHV-003 169 0.04 0.01 2.67 0.00 0.54 0.01 1.76 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 8.74 14.00 
FF: EHV-003 170 0.07 0.01 2.41 0.00 0.55 0.02 1.79 0.00 0.02 0.00 0.00 0.01 0.00 0.01 n/a 9.24 14.00 
FF: EHV-003 171 0.05 0.00 2.40 0.00 0.47 0.04 1.71 0.00 0.03 0.00 0.00 0.01 0.00 0.00 n/a 9.73 14.00 
FF: EHV-003 172 0.07 0.01 2.49 0.00 0.63 0.01 1.73 0.00 0.02 0.00 0.00 0.00 0.00 0.01 n/a 9.27 14.00 
FF: EHV-003 173 0.08 0.01 2.51 0.00 0.55 0.06 1.70 0.00 0.05 0.00 0.00 0.02 0.00 0.00 n/a 9.19 14.00 
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FF: EHV-003 174 0.02 0.00 2.50 0.00 0.66 0.03 1.68 0.00 0.02 0.00 0.00 0.00 0.00 0.00 n/a 9.53 14.00 
FF: EHV-003 175 0.09 0.03 2.51 0.00 0.51 0.04 1.77 0.00 0.04 0.00 0.00 0.01 0.00 0.01 n/a 8.86 14.00 
FF: EHV-003 176 0.05 0.00 2.45 0.00 0.43 0.01 1.75 0.00 0.03 0.00 0.00 0.03 0.00 0.01 n/a 9.45 14.00 
FF: EHV-003 177 0.03 0.01 2.61 0.00 0.55 0.01 1.82 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 8.56 14.00 
FF: EHV-003 178 0.01 0.39 2.33 0.00 0.49 0.08 1.64 0.00 0.06 0.00 0.00 0.00 0.00 0.00 n/a 8.91 14.00 
FF: EHV-003 179 0.02 1.35 1.13 0.02 0.61 0.03 1.17 0.03 0.02 0.00 0.00 0.00 0.00 0.01 n/a 12.53 14.00 
FF: EHV-003 180 0.06 0.01 3.14 0.00 1.17 0.02 2.01 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 5.12 14.00 
FF: EHV-003 181 0.05 0.01 3.07 0.00 1.11 0.01 2.05 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 5.23 14.00 
FF: EHV-003 182 0.02 0.02 3.95 0.00 0.61 0.03 1.88 0.00 0.03 0.00 0.00 0.00 0.00 0.00 n/a 3.96 14.00 
FF: EHV-003 183 0.03 0.86 1.18 0.01 0.34 0.03 1.06 0.02 0.02 0.00 0.00 0.01 0.00 0.00 n/a 14.85 14.00 
AR: EHV-007 184 0.01 0.04 0.97 0.31 0.29 0.03 0.73 0.00 0.04 0.00 0.00 0.00 0.00 0.01 n/a 18.77 14.00 
AR: EHV-007 185 0.09 0.02 2.78 0.01 1.43 0.04 1.97 0.00 0.01 0.00 0.01 0.01 0.00 0.01 n/a 5.97 14.00 
AR: EHV-007 186 0.11 0.00 2.83 0.00 1.04 0.06 1.97 0.00 0.02 0.00 0.00 0.01 0.00 0.01 n/a 6.15 14.00 
AR: EHV-007 187 0.04 0.00 2.81 0.00 1.59 0.05 1.92 0.00 0.01 0.00 0.00 0.01 0.00 0.01 n/a 6.08 14.00 
AR: EHV-007 188 0.05 0.00 2.89 0.00 1.57 0.03 2.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 n/a 5.49 14.00 
AR: EHV-007 189 0.07 0.00 2.83 0.01 1.36 0.03 1.95 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 6.12 14.00 
AR: EHV-007 190 0.31 0.00 2.84 0.00 1.02 0.02 2.01 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 5.96 14.00 
AR: EHV-007 191 0.27 0.00 2.83 0.00 1.02 0.01 1.85 0.00 0.01 0.00 0.00 0.00 0.00 0.00 n/a 7.05 14.00 
AR: EHV-007 192 0.27 0.00 2.74 0.01 1.11 0.02 1.94 0.00 0.02 0.00 0.00 0.00 0.00 0.00 n/a 6.53 14.00 
AR: EHV-007 193 0.23 0.00 2.62 0.06 1.20 0.01 1.83 0.00 0.06 0.00 0.00 0.01 0.00 0.01 n/a 7.27 14.00 
AR: EHV-007 194 0.18 0.00 2.72 0.00 1.18 0.02 1.93 0.00 0.01 0.00 0.00 0.01 0.00 0.01 n/a 6.71 14.00 
AR: EHV-007 195 0.15 0.00 2.86 0.00 1.30 0.03 2.03 0.00 0.01 0.00 0.00 0.01 0.00 0.01 n/a 5.53 14.00 
AR: EHV-007 196 0.02 0.00 2.90 0.01 0.60 0.04 1.88 0.00 0.03 0.00 0.00 0.01 0.00 0.01 n/a 7.11 14.00 
AR: EHV-007 199 0.06 0.03 2.29 0.00 1.22 0.03 1.70 0.00 0.02 0.00 0.01 0.00 0.00 0.01 n/a 9.30 14.00 
AR: EHV-007 200 0.07 0.00 2.45 0.00 1.14 0.04 1.72 0.00 0.02 0.00 0.00 0.00 0.00 0.01 n/a 8.83 14.00 
AR: EHV-007 201 0.03 0.00 2.61 0.00 1.59 0.04 1.82 0.00 0.01 0.00 0.00 0.01 0.00 0.02 n/a 7.31 14.00 
AR: EHV-007 202 0.06 0.00 2.58 0.00 1.38 0.06 1.83 0.00 0.04 0.00 0.00 0.01 0.00 0.01 n/a 7.40 14.00 
AR: EHV-007 203 0.07 0.00 2.32 0.58 1.25 0.11 1.75 0.00 0.10 0.00 0.00 0.01 0.00 0.01 n/a 6.06 14.00 
AR: EHV-007 212 0.07 0.00 2.59 0.18 1.22 0.03 1.76 0.00 0.03 0.00 0.00 0.01 0.00 0.01 n/a 7.47 14.00 











































AR: EHV-007 214 0.20 0.00 2.39 0.05 1.07 0.02 1.73 0.00 0.07 0.00 0.00 0.01 0.00 0.01 n/a 8.72 14.00 
AR: EHV-007 215 0.22 0.00 2.52 0.00 1.35 0.02 1.77 0.00 0.00 0.00 0.00 0.01 0.00 0.01 n/a 8.08 14.00 
AR: EHV-007 216 0.17 0.00 2.48 0.00 1.00 0.03 1.77 0.00 0.00 0.00 0.00 0.01 0.00 0.01 n/a 8.58 14.00 
AR: EHV-007 217 0.15 0.00 2.40 0.00 1.14 0.03 1.80 0.00 0.01 0.00 0.00 0.01 0.00 0.01 n/a 8.53 14.00 
AR: EHV-007 218 0.20 0.00 2.51 0.00 1.08 0.02 1.72 0.00 0.01 0.00 0.00 0.00 0.00 0.01 n/a 8.75 14.00 
AR: EHV-007 219 0.23 0.00 2.43 0.77 1.05 0.05 1.76 0.00 0.01 0.00 0.00 0.01 0.00 0.02 n/a 5.42 14.00 
AR: EHV-007 224 0.00 0.13 1.85 0.04 0.95 0.04 1.39 0.01 0.04 0.00 0.00 0.00 0.00 0.01 n/a 12.29 14.00 
AR: EHV-007 225 0.01 0.17 1.87 0.03 0.74 0.02 1.40 0.01 0.02 0.00 0.00 0.01 0.00 0.00 n/a 12.40 14.00 
AR: EHV-007 226 0.10 0.01 2.57 0.01 1.16 0.03 1.79 0.00 0.01 0.00 0.00 0.00 0.00 0.00 n/a 8.03 14.00 
AR: EHV-007 227 0.21 0.00 2.55 0.00 0.99 0.01 1.85 0.00 0.00 0.00 0.01 0.00 0.00 0.00 n/a 8.01 14.00 
AR: EHV-007 228 0.03 0.00 2.83 0.00 1.53 0.06 1.91 0.00 0.02 0.00 0.00 0.01 0.00 0.01 n/a 6.07 14.00 
AR: EHV-007 229 0.03 0.00 2.63 0.00 1.32 0.04 1.83 0.00 0.01 0.00 0.01 0.01 0.00 0.01 n/a 7.47 14.00 
AR: EHV-007 230 0.06 0.00 2.72 0.00 1.20 0.02 1.85 0.00 0.01 0.00 0.00 0.00 0.00 0.01 n/a 7.34 14.00 
AR: EHV-007 231 0.06 0.00 2.68 0.00 1.21 0.03 1.87 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 7.28 14.00 
AR: EHV-007 232 0.11 0.01 2.68 0.00 1.23 0.04 1.83 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 7.34 14.00 
AR: EHV-007 233 0.31 0.00 2.64 0.00 1.16 0.02 1.92 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.95 14.00 
AR: EHV-007 234 0.32 0.00 2.52 0.00 0.84 0.02 1.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 7.90 14.00 
AR: EHV-007 235 0.28 0.00 2.64 0.00 1.09 0.02 1.89 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 7.23 14.00 
AR: EHV-007 236 0.28 0.00 2.66 0.00 1.32 0.01 1.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.84 14.00 
AR: EHV-007 237 0.24 0.00 2.59 0.00 1.00 0.01 1.82 0.00 0.01 0.00 0.00 0.00 0.00 0.01 n/a 7.94 14.00 
AR: EHV-007 238 0.24 0.00 2.60 0.00 1.07 0.02 1.86 0.00 0.01 0.00 0.00 0.00 0.00 0.01 n/a 7.60 14.00 
AR: EHV-007 239 0.22 0.00 2.67 0.00 1.09 0.02 1.85 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 7.45 14.00 
AR: EHV-007 240 0.24 0.00 2.67 0.01 1.05 0.02 1.77 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 7.88 14.00 
AR: EHV-007 241 0.25 0.00 2.69 0.00 1.03 0.01 1.80 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 7.76 14.00 
AR: EHV-007 242 0.23 0.00 2.55 0.00 1.05 0.02 1.81 0.00 0.00 0.00 0.01 0.00 0.00 0.01 n/a 8.10 14.00 
AR: EHV-007 243 0.16 0.00 2.70 0.11 1.17 0.03 1.86 0.00 0.01 0.00 0.00 0.01 0.00 0.01 n/a 6.76 14.00 
AR: EHV-007 284 0.00 0.04 1.07 0.04 0.44 0.02 0.78 0.00 0.03 0.00 0.00 0.01 0.00 0.00 n/a 19.17 14.00 
AR: EHV-007 285 0.01 0.11 2.13 0.04 0.79 0.03 1.45 0.00 0.04 0.00 0.00 0.00 0.00 0.01 n/a 11.31 14.00 
AR: EHV-007 286 0.11 0.02 2.46 0.07 0.96 0.03 1.60 0.00 0.09 0.00 0.00 0.01 0.00 0.01 n/a 9.23 14.00 











































AR: EHV-007 288 0.15 0.00 2.97 0.00 1.17 0.04 1.85 0.00 0.02 0.00 0.00 0.01 0.00 0.01 n/a 6.36 14.00 
AR: EHV-007 289 0.04 0.00 2.91 0.01 1.56 0.05 1.90 0.00 0.02 0.00 0.00 0.01 0.00 0.01 n/a 5.88 14.00 
AR: EHV-007 290 0.02 0.00 1.94 0.01 0.76 0.05 1.27 0.00 0.02 0.00 0.01 0.01 0.00 0.01 n/a 13.39 14.00 
AR: EHV-007 291 0.04 0.00 2.97 0.01 1.35 0.04 1.93 0.00 0.01 0.00 0.01 0.01 0.00 0.01 n/a 5.83 14.00 
AR: EHV-007 292 0.06 0.00 2.89 0.00 1.39 0.03 1.88 0.00 0.01 0.00 0.00 0.00 0.00 0.02 n/a 6.34 14.00 
AR: EHV-007 293 0.05 0.00 2.79 0.03 1.36 0.04 1.78 0.00 0.06 0.00 0.00 0.01 0.00 0.02 n/a 7.04 14.00 
AR: EHV-007 294 0.05 0.01 3.02 0.01 1.49 0.03 1.96 0.00 0.02 0.00 0.00 0.01 0.00 0.02 n/a 5.33 14.00 
AR: EHV-007 295 0.02 0.06 1.95 0.05 0.72 0.03 1.26 0.00 0.03 0.00 0.00 0.00 0.00 0.01 n/a 13.25 14.00 
AR: EHV-007 296 0.01 0.11 1.53 0.03 0.51 0.02 1.09 0.00 0.03 0.00 0.00 0.01 0.00 0.00 n/a 15.69 14.00 
AR: EHV-007 297 0.01 0.07 1.86 0.03 0.64 0.04 1.31 0.00 0.03 0.00 0.00 0.00 0.00 0.01 n/a 13.35 14.00 
AR: EHV-007 298 0.01 0.09 2.47 0.02 0.99 0.05 1.55 0.00 0.02 0.00 0.00 0.00 0.00 0.01 n/a 9.64 14.00 
AR: EHV-007 299 0.01 0.09 2.36 0.02 1.07 0.05 1.59 0.00 0.03 0.00 0.00 0.00 0.00 0.01 n/a 9.61 14.00 
AR: EHV-007 300 0.01 0.09 2.55 0.02 1.09 0.04 1.67 0.00 0.02 0.00 0.00 0.01 0.00 0.01 n/a 8.63 14.00 
AR: EHV-007 301 0.01 0.06 1.68 0.04 0.57 0.04 1.13 0.00 0.04 0.00 0.00 0.01 0.00 0.00 n/a 15.00 14.00 
AR: EHV-007 302 0.02 0.09 1.92 0.03 0.77 0.04 1.33 0.00 0.02 0.00 0.00 0.00 0.00 0.01 n/a 12.82 14.00 
AR: EHV-007 303 0.23 0.01 2.80 0.02 1.23 0.03 1.91 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 6.33 14.00 
AR: EHV-007 304 0.24 0.00 2.84 0.00 1.04 0.02 2.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 5.75 14.00 
AR: EHV-007 305 0.26 0.00 2.85 0.00 1.02 0.01 1.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.65 14.00 
AR: EHV-007 306 0.26 0.00 2.89 0.00 1.08 0.01 1.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.52 14.00 
AR: EHV-007 307 0.30 0.00 2.73 0.00 1.02 0.02 1.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.93 14.00 
AR: EHV-007 308 0.29 0.00 3.05 0.00 1.38 0.01 1.96 0.00 0.00 0.00 0.00 0.00 0.00 0.01 n/a 5.32 14.00 
AR: EHV-007 309 0.27 0.00 2.84 0.00 1.04 0.02 1.88 0.00 0.00 0.00 0.00 0.01 0.00 0.01 n/a 6.77 14.00 
AR: EHV-007 310 0.22 0.00 2.93 0.00 1.07 0.02 1.87 0.00 0.01 0.00 0.00 0.00 0.00 0.01 n/a 6.55 14.00 
AR: EHV-007 311 0.19 0.00 2.85 0.00 1.09 0.02 1.88 0.00 0.01 0.00 0.00 0.00 0.00 0.01 n/a 6.77 14.00 
AR: EHV-007 312 0.18 0.00 2.83 0.00 0.96 0.02 1.82 0.00 0.00 0.00 0.00 0.01 0.00 0.01 n/a 7.34 14.00 
AR: EHV-007 313 0.23 0.00 2.87 0.00 1.09 0.03 1.90 0.00 0.00 0.00 0.00 0.01 0.00 0.01 n/a 6.51 14.00 
AR: EHV-007 314 0.16 0.00 3.06 0.00 1.52 0.03 1.98 0.00 0.00 0.00 0.00 0.01 0.00 0.01 n/a 5.02 14.00 
AR: EHV-007 315 0.12 0.00 2.89 0.00 1.18 0.04 1.87 0.00 0.00 0.00 0.00 0.00 0.00 0.01 n/a 6.60 14.00 
AR: EHV-007 316 0.11 0.00 3.01 0.00 1.53 0.04 2.04 0.00 0.00 0.00 0.00 0.01 0.00 0.01 n/a 4.85 14.00 











































AR: EHV-007 318 0.11 0.00 3.03 0.00 1.36 0.04 2.04 0.00 0.01 0.00 0.00 0.01 0.00 0.01 n/a 4.93 14.00 
AR: EHV-007 319 0.11 0.00 2.92 0.01 1.27 0.04 1.86 0.00 0.01 0.00 0.00 0.00 0.00 0.02 n/a 6.39 14.00 
AR: EHV-007 320 0.07 0.00 2.75 0.04 1.21 0.03 1.78 0.00 0.05 0.00 0.00 0.02 0.00 0.01 n/a 7.32 14.00 
AR: EHV-007 321 0.03 0.00 1.72 0.02 0.70 0.03 1.11 0.00 0.03 0.00 0.00 0.01 0.00 0.01 n/a 15.14 14.00 
AR: EHV-007 322 0.02 0.01 2.85 0.00 1.56 0.04 1.98 0.00 0.02 0.00 0.00 0.02 0.00 0.01 n/a 5.69 14.00 
AR: EHV-007 323 0.05 0.05 2.64 0.02 0.91 0.06 1.66 0.01 0.04 0.00 0.01 0.02 0.00 0.01 n/a 8.48 14.00 
AR: EHV-007 324 0.01 0.01 2.98 0.00 1.36 0.07 1.94 0.00 0.01 0.00 0.00 0.04 0.00 0.02 n/a 5.51 14.00 
AR: EHV-007 325 0.02 0.02 2.58 0.09 0.95 0.06 1.62 0.00 0.13 0.00 0.00 0.03 0.00 0.02 n/a 8.49 14.00 
AR: EHV-007 326 0.02 0.02 2.57 0.06 0.94 0.04 1.67 0.00 0.08 0.00 0.00 0.02 0.00 0.01 n/a 8.56 14.00 
AR: EHV-007 327 0.03 0.02 0.92 0.76 0.30 0.01 0.71 0.00 0.87 0.02 0.02 0.01 0.04 0.00 n/a 15.51 14.00 
AR: EHV-007 328 0.03 0.02 2.17 0.73 0.12 0.02 0.86 0.00 0.83 0.03 0.02 0.01 0.04 0.00 n/a 11.22 14.00 
FA: EHV-010 336 0.03 0.00 2.55 0.20 1.25 0.11 1.73 0.00 0.09 0.00 0.03 0.02 0.00 0.01 n/a 7.06 14.00 
FA: EHV-010 339 0.03 0.00 2.93 0.01 1.17 0.08 1.89 0.00 0.06 0.00 0.02 0.01 0.00 0.01 n/a 6.04 14.00 
FA: EHV-010 340 0.02 0.00 2.75 0.51 1.22 0.09 1.78 0.00 0.05 0.00 0.01 0.01 0.00 0.01 n/a 5.21 14.00 
FA: EHV-010 341 0.06 0.00 2.62 0.06 1.21 0.11 1.74 0.00 0.10 0.00 0.02 0.02 0.00 0.01 n/a 7.37 14.00 
FA: EHV-010 342 0.02 0.00 3.90 0.03 0.62 0.12 1.85 0.00 0.08 0.00 0.02 0.02 0.00 0.01 n/a 3.54 14.00 
FA: EHV-010 346 0.04 0.00 2.87 0.01 1.46 0.11 1.89 0.00 0.07 0.00 0.02 0.02 0.00 0.02 n/a 5.70 14.00 
FA: EHV-010 348 0.04 0.00 2.87 0.15 1.46 0.13 1.82 0.00 0.08 0.00 0.02 0.01 0.00 0.01 n/a 5.50 14.00 
FA: EHV-010 350 0.04 0.00 3.06 0.02 1.73 0.10 1.94 0.00 0.05 0.00 0.02 0.02 0.00 0.01 n/a 4.63 14.00 
FA: EHV-010 355 0.05 0.00 2.31 0.30 1.01 0.10 1.55 0.00 0.13 0.00 0.02 0.01 0.00 0.02 n/a 8.64 14.00 
FA: EHV-010 357 0.02 0.00 3.52 0.64 0.43 0.12 1.70 0.00 0.08 0.00 0.02 0.01 0.00 0.02 n/a 3.32 14.00 
FA: EHV-010 360 0.04 0.00 2.67 0.66 1.23 0.14 1.63 0.00 0.09 0.00 0.01 0.01 0.00 0.02 n/a 5.32 14.00 
FA: EHV-010 361 0.03 0.00 3.38 0.24 0.95 0.14 1.87 0.00 0.07 0.00 0.02 0.02 0.00 0.02 n/a 3.77 14.00 
FA: EHV-010 364 0.04 0.00 2.99 0.02 1.78 0.13 1.94 0.00 0.07 0.00 0.03 0.02 0.00 0.02 n/a 4.56 14.00 
FA: EHV-010 365 0.06 0.00 2.81 0.04 1.07 0.13 1.76 0.00 0.08 0.00 0.02 0.02 0.00 0.02 n/a 6.84 14.00 
FA: EHV-010 366 0.07 0.01 2.79 0.06 1.33 0.10 1.76 0.00 0.08 0.00 0.02 0.02 0.00 0.02 n/a 6.62 14.00 
FA: EHV-010 367 0.04 0.00 2.78 0.01 1.43 0.14 1.79 0.00 0.07 0.00 0.02 0.02 0.00 0.03 n/a 6.43 14.00 
FA: EHV-010 374 0.03 0.00 2.81 0.07 1.40 0.12 1.84 0.00 0.09 0.00 0.01 0.01 0.00 0.02 n/a 5.99 14.00 
FA: EHV-010 390 0.14 0.00 2.29 0.03 0.82 0.01 1.50 0.00 0.02 0.00 0.01 0.01 0.00 0.00 n/a 10.89 14.00 










































FA: EHV-010 392 0.06 0.00 2.32 0.01 1.19 0.01 1.49 0.00 0.02 0.00 0.00 0.01 0.00 0.00 n/a 10.66 14.00 
FA: EHV-010 393 0.12 0.00 1.28 0.02 0.43 0.00 0.86 0.00 0.01 0.00 0.00 0.00 0.00 0.00 n/a 18.31 14.00 
FA: EHV-010 394 0.02 0.00 0.96 0.15 0.35 0.02 0.66 0.00 0.03 0.00 0.00 0.01 0.00 0.00 n/a 20.02 14.00 
FA: EHV-010 395 0.07 0.00 1.03 0.03 0.35 0.00 0.66 0.00 0.02 0.00 0.00 0.00 0.00 0.00 n/a 20.37 14.00 
FA: EHV-010 396 0.14 0.00 2.49 0.04 0.93 0.01 1.65 0.00 0.03 0.00 0.01 0.01 0.00 0.00 n/a 9.28 14.00 
FA: EHV-010 397 0.08 0.01 3.08 0.04 0.80 0.03 1.59 0.00 0.03 0.00 0.01 0.01 0.00 0.01 n/a 7.95 14.00 
FA: EHV-010 398 0.03 0.00 0.35 0.01 0.10 0.00 0.25 0.00 0.01 0.00 0.00 0.00 0.00 0.00 n/a 25.25 14.00 
FA: EHV-010 399 0.17 0.01 1.96 0.17 0.60 0.01 1.36 0.00 0.10 0.00 0.01 0.00 0.00 0.01 n/a 12.18 14.00 
FA: EHV-010 400 0.17 0.01 2.38 0.02 0.83 0.02 1.57 0.00 0.03 0.00 0.01 0.01 0.00 0.01 n/a 10.20 14.00 
FA: EHV-010 401 0.19 0.00 2.68 0.04 0.95 0.01 1.78 0.00 0.03 0.00 0.00 0.01 0.00 0.00 n/a 7.79 14.00 
FA: EHV-010 402 0.15 0.00 2.51 0.06 0.96 0.01 1.61 0.00 0.03 0.00 0.01 0.01 0.00 0.00 n/a 9.32 14.00 
FA: EHV-010 403 0.10 0.01 2.24 0.58 0.89 0.02 1.48 0.00 0.04 0.00 0.01 0.01 0.00 0.00 n/a 8.88 14.00 
FA: EHV-010 405 0.08 0.00 4.11 0.25 0.24 0.02 1.28 0.00 0.03 0.00 0.00 0.01 0.00 0.01 n/a 6.46 14.00 
FA: EHV-010 412 0.07 0.03 0.96 0.56 0.32 0.01 0.64 0.00 0.32 0.01 0.16 0.00 0.03 0.00 n/a 17.43 14.00 
FA: EHV-010 414 0.13 0.00 3.04 0.02 1.47 0.02 1.91 0.00 0.02 0.00 0.00 0.02 0.00 0.00 n/a 5.57 14.00 
FA: EHV-010 415 0.09 0.00 2.84 0.01 0.97 0.02 1.74 0.00 0.01 0.00 0.00 0.02 0.00 0.00 n/a 7.74 14.00 
AA: EHV-075 216 0.01 0.02 0.02 0.03 0.03 0.02 0.06 0.09 0.03 0.08 0.01 0.05 0.11 0.00 0.00 6.33 14.00 
AA: EHV-075 217 0.01 0.01 0.02 0.03 0.03 0.02 0.07 0.09 0.03 0.08 0.01 0.05 0.11 0.00 0.00 6.67 14.00 
AA: EHV-075 219 0.01 0.01 0.02 0.03 0.03 0.02 0.06 0.09 0.03 0.09 0.01 0.05 0.11 0.00 0.00 0.00 14.00 
AA: EHV-075 220 0.01 0.02 0.02 0.03 0.03 0.02 0.07 0.09 0.03 0.09 0.01 0.05 0.11 0.00 0.00 6.03 14.00 
AA: EHV-075 226 0.01 0.01 0.02 0.03 0.03 0.02 0.06 0.09 0.02 0.11 0.01 0.05 0.11 0.00 0.00 6.76 14.00 
AA: EHV-075 228 0.01 0.01 0.02 0.03 0.03 0.02 0.07 0.09 0.02 0.08 0.01 0.05 0.11 0.00 0.00 9.96 14.00 
AA: EHV-075 230 0.01 0.02 0.02 0.03 0.03 0.02 0.06 0.09 0.03 0.10 0.01 0.05 0.12 0.00 0.00 8.41 14.00 
AA: EHV-075 231 0.01 0.01 0.02 0.02 0.03 0.02 0.07 0.09 0.03 0.09 0.01 0.04 0.10 0.00 0.00 9.11 14.00 
AA: EHV-075 232 0.01 0.01 0.02 0.02 0.03 0.02 0.06 0.09 0.03 0.09 0.01 0.05 0.11 0.00 0.00 9.81 14.00 
AA: EHV-075 233 0.01 0.02 0.02 0.02 0.03 0.03 0.07 0.09 0.03 0.09 0.02 0.05 0.11 0.00 0.00 10.51 14.00 
AA: EHV-075 234 0.01 0.02 0.02 0.03 0.03 0.02 0.06 0.09 0.03 0.09 0.01 0.05 0.12 0.00 0.00 11.21 14.00 
AA: EHV-115 154 0.01 0.01 0.02 0.03 0.03 0.02 0.07 0.09 0.02 0.09 0.02 0.05 0.11 0.00 0.00 8.21 14.00 
AA: EHV-115 155 0.01 0.01 0.02 0.02 0.03 0.03 0.07 0.09 0.03 0.10 0.01 0.05 0.11 0.00 0.00 9.18 14.00 











































AA: EHV-115 157 0.01 0.01 0.02 0.02 0.03 0.02 0.06 0.08 0.03 0.08 0.01 0.04 0.11 0.01 0.00 8.18 14.00 
AA: EHV-115 158 0.01 0.02 0.02 0.02 0.03 0.02 0.07 0.10 0.03 0.10 0.01 0.04 0.11 0.01 0.00 8.42 14.00 
AA: EHV-115 159 0.01 0.02 0.02 0.03 0.03 0.03 0.07 0.09 0.03 0.10 0.01 0.05 0.12 0.01 0.00 8.08 14.00 
AA: EHV-115 160 0.01 0.01 0.02 0.03 0.04 0.02 0.07 0.09 0.03 0.09 0.01 0.05 0.11 0.00 0.00 9.55 14.00 
AA: EHV-115 161 0.01 0.02 0.02 0.03 0.03 0.03 0.07 0.09 0.03 0.09 0.02 0.05 0.11 0.00 0.00 8.47 14.00 
AA: EHV-115 162 0.01 0.02 0.02 0.03 0.03 0.02 0.07 0.09 0.03 0.08 0.02 0.05 0.12 0.01 0.00 7.25 14.00 
AA: EHV-115 163 0.02 0.02 0.02 0.03 0.03 0.02 0.07 0.09 0.03 0.10 0.01 0.05 0.11 0.00 0.00 7.95 14.00 
AA: EHV-115 164 0.01 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.01 0.05 0.11 0.00 0.00 7.69 14.00 
AA: EHV-115 165 0.02 0.01 0.02 0.02 0.03 0.03 0.07 0.10 0.03 0.09 0.01 0.05 0.11 0.00 0.00 8.04 14.00 
AA: EHV-115 166 0.02 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.01 0.05 0.12 0.00 0.00 8.29 14.00 
AA: EHV-115 167 0.02 0.02 0.02 0.03 0.04 0.03 0.07 0.09 0.03 0.10 0.02 0.05 0.11 0.00 0.00 8.41 14.00 
FF: EHV-162 430 0.18 0.00 2.73 0.00 0.76 0.01 1.88 0.00 0.00 0.00 0.01 0.00 0.00 0.01 n/a 7.54 14.00 
FF: EHV-162 431 0.21 0.00 2.74 0.00 1.06 0.01 1.91 0.00 0.00 0.00 0.01 0.00 0.00 0.01 n/a 6.95 14.00 
FF: EHV-162 432 0.18 0.00 2.73 0.00 1.19 0.00 1.91 0.00 0.00 0.00 0.01 0.00 0.00 0.00 n/a 6.95 14.00 
FF: EHV-162 433 0.12 0.01 2.80 0.00 1.39 0.01 1.90 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.56 14.00 
FF: EHV-162 434 0.11 0.00 2.73 0.00 1.28 0.00 1.84 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 7.32 14.00 
FF: EHV-162 435 0.12 0.03 2.78 0.00 1.15 0.01 1.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.30 14.00 
FF: EHV-162 436 0.26 0.01 2.84 0.00 1.01 0.00 1.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.96 14.00 
FF: EHV-162 437 0.03 0.00 2.84 0.00 1.50 0.00 1.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.15 14.00 
FF: EHV-162 438 0.04 0.00 2.99 0.00 1.70 0.00 1.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 5.30 14.00 
FF: EHV-162 439 0.12 0.08 2.77 0.00 1.15 0.00 1.84 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 7.11 14.00 
FF: EHV-162 440 0.13 0.06 2.65 0.00 0.93 0.00 1.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 8.14 14.00 
FF: EHV-162 441 0.21 0.00 2.83 0.00 1.16 0.00 1.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.95 14.00 
FF: EHV-162 442 0.10 0.10 2.79 0.00 1.23 0.00 1.91 0.00 0.00 0.00 0.00 0.00 0.00 0.00 n/a 6.49 14.00 
FF: EHV-162 443 0.09 0.00 2.69 0.00 1.16 0.00 1.90 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 7.24 14.00 
FF: EHV-162 444 0.06 0.04 2.87 0.00 1.67 0.01 2.06 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 5.09 14.00 
FF: EHV-162 445 0.56 0.00 2.25 0.00 0.19 0.02 1.50 0.00 0.00 0.00 0.01 0.00 0.00 0.00 n/a 11.32 14.00 
FF: EHV-162 446 0.07 0.00 2.86 0.00 1.37 0.00 1.93 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.36 14.00 
FF: EHV-162 447 0.12 0.00 2.83 0.00 1.27 0.00 2.06 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 5.70 14.00 
FF: EHV-162 448 0.03 0.00 2.54 0.02 1.08 0.01 1.68 0.00 0.01 0.00 0.00 0.01 0.00 0.00 n/a 9.00 14.00 
FF: EHV-162 449 0.15 0.09 2.74 0.01 1.27 0.01 1.89 0.00 0.01 0.00 0.00 0.00 0.00 0.00 n/a 6.63 14.00 













































FA: EHV-009 239 0.01 2.60 0.10 0.01 0.84 0.09 1.78 0.05 0.02 0.00 0.00 0.02 0.00 0.00 0.00 7.62 14.00 
FA: EHV-009 240 0.01 2.74 0.06 0.00 0.90 0.09 1.83 0.06 0.01 0.00 0.00 0.01 0.00 0.00 0.00 7.00 14.00 
FA: EHV-009 241 0.02 2.54 0.06 0.00 0.86 0.07 1.80 0.07 0.04 0.00 0.00 0.01 0.00 0.00 0.00 7.86 14.00 
FA: EHV-009 242 0.01 2.52 0.06 0.00 0.80 0.09 1.83 0.06 0.03 0.00 0.00 0.01 0.00 0.00 0.00 7.73 14.00 
FA: EHV-009 243 0.01 2.56 0.02 0.00 0.73 0.02 1.85 0.06 0.05 0.00 0.00 0.00 0.00 0.00 0.00 7.99 14.00 
FA: EHV-009 244 0.01 2.58 0.03 0.00 0.84 0.02 1.88 0.05 0.04 0.00 0.00 0.00 0.00 0.00 0.00 7.70 14.00 
FA: EHV-009 245 0.01 2.60 0.08 0.00 0.88 0.08 1.85 0.05 0.02 0.00 0.00 0.02 0.00 0.00 0.00 7.34 14.00 
FA: EHV-009 246 0.01 2.48 0.06 0.00 0.84 0.07 1.79 0.07 0.04 0.00 0.00 0.01 0.00 0.00 0.00 8.11 14.00 
FA: EHV-009 247 0.01 2.67 0.08 0.04 0.86 0.08 1.86 0.06 0.04 0.00 0.00 0.01 0.00 0.00 0.00 6.86 14.00 
FA: EHV-009 248 0.01 2.66 0.04 0.00 0.87 0.07 1.88 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 7.18 14.00 
FA: EHV-009 249 0.01 2.54 0.03 0.01 0.86 0.06 1.88 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 7.73 14.00 
FA: EHV-009 261 0.01 2.70 0.02 0.00 0.58 0.22 1.56 0.18 0.08 0.00 0.00 0.00 0.00 0.00 0.00 8.07 14.00 
FA: EHV-009 263 0.01 2.67 0.02 0.00 0.74 0.04 1.80 0.08 0.05 0.00 0.00 0.00 0.00 0.00 0.00 7.85 14.00 
FA: EHV-009 264 0.01 2.58 0.02 0.00 0.85 0.12 1.74 0.05 0.07 0.00 0.00 0.00 0.00 0.00 0.00 8.02 14.00 
FA: EHV-009 265 0.02 2.60 0.02 0.01 0.83 0.03 1.83 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.03 14.00 
FA: EHV-009 266 0.02 2.55 0.02 0.01 0.85 0.04 1.75 0.04 0.03 0.00 0.00 0.00 0.00 0.00 0.00 8.49 14.00 
FA: EHV-009 267 0.01 2.58 0.02 0.00 0.82 0.12 1.71 0.07 0.10 0.00 0.00 0.00 0.00 0.00 0.00 8.06 14.00 
FA: EHV-009 268 0.01 2.55 0.03 0.00 0.89 0.02 1.74 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.65 14.00 
FA: EHV-009 269 0.02 2.46 0.02 0.02 0.82 0.03 1.76 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.86 14.00 
FA: EHV-009 270 0.02 2.56 0.02 0.01 0.81 0.03 1.86 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 7.94 14.00 
FA: EHV-009 271 0.02 2.64 0.02 0.00 0.86 0.06 1.92 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.07 14.00 
FA: EHV-009 272 0.01 2.55 0.03 0.00 0.81 0.03 1.79 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.35 14.00 
FA: EHV-009 273 0.01 2.65 0.02 0.00 0.81 0.08 1.83 0.07 0.07 0.00 0.00 0.00 0.00 0.00 0.00 7.45 14.00 
FA: EHV-009 274 0.01 2.66 0.02 0.00 0.80 0.09 1.78 0.08 0.07 0.00 0.00 0.00 0.00 0.00 0.00 7.64 14.00 
FA: EHV-009 275 0.01 2.62 0.01 0.00 0.84 0.10 1.71 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 8.09 14.00 
FA: EHV-009 276 0.01 2.48 0.03 0.01 0.73 0.13 1.68 0.11 0.06 0.00 0.00 0.00 0.00 0.00 0.00 8.57 14.00 
FA: EHV-009 277 0.01 2.62 0.02 0.00 0.79 0.10 1.78 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 7.68 14.00 
FA: EHV-009 278 0.01 2.47 0.02 0.00 0.78 0.02 1.76 0.06 0.04 0.00 0.00 0.00 0.00 0.00 0.00 8.76 14.00 
FA: EHV-009 279 0.01 2.72 0.03 0.00 0.82 0.09 1.85 0.08 0.07 0.00 0.00 0.00 0.00 0.00 0.00 6.96 14.00 













































FA: EHV-009 281 0.01 2.61 0.03 0.00 0.85 0.02 1.82 0.04 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.03 14.00 
FA: EHV-009 282 0.01 2.65 0.03 0.00 0.85 0.02 1.82 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.98 14.00 
FA: EHV-009 292 0.02 2.64 0.11 0.05 0.92 0.07 1.89 0.03 0.00 0.00 0.00 0.00 0.00 0.01 0.00 6.84 14.00 
FA: EHV-009 294 0.02 2.44 0.18 0.02 0.82 0.13 1.76 0.02 0.00 0.00 0.01 0.00 0.00 0.02 0.00 7.82 14.00 
FA: EHV-009 304 0.02 2.50 0.09 0.10 0.75 0.15 1.65 0.03 0.01 0.00 0.01 0.02 0.00 0.01 0.00 8.24 14.00 
FA: EHV-009 305 0.01 2.77 0.06 0.01 0.85 0.12 1.77 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.00 7.29 14.00 
FA: EHV-009 307 0.01 2.66 0.11 0.00 0.85 0.15 1.74 0.02 0.00 0.00 0.01 0.01 0.00 0.01 0.00 7.46 14.00 
FF: EHV-030 471 0.02 1.70 0.11 0.05 0.58 0.01 1.37 0.01 0.00 0.00 0.00 0.01 0.00 0.00 n/a 13.39 14.00 
FF: EHV-030 472 0.04 2.56 0.09 0.01 0.75 0.01 1.85 0.03 0.00 0.00 0.00 0.02 0.00 0.00 n/a 7.90 14.00 
FF: EHV-030 473 0.02 2.53 0.12 0.02 0.87 0.03 1.81 0.02 0.01 0.00 0.00 0.03 0.00 0.00 n/a 8.00 14.00 
FF: EHV-030 475 0.02 2.63 0.08 0.01 0.80 0.03 1.92 0.02 0.00 0.00 0.00 0.02 0.00 0.00 n/a 7.22 14.00 
FF: EHV-030 476 0.03 2.78 0.04 0.02 0.88 0.02 1.90 0.01 0.01 0.00 0.00 0.01 0.00 0.00 n/a 6.96 14.00 
FF: EHV-030 477 0.01 2.79 0.05 0.01 0.95 0.01 2.03 0.00 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.26 14.00 
FF: EHV-030 478 0.04 2.69 0.11 0.01 0.84 0.02 1.97 0.03 0.01 0.00 0.00 0.01 0.00 0.00 n/a 6.62 14.00 
FF: EHV-030 479 0.02 2.65 0.07 0.39 0.82 0.01 1.93 0.01 0.00 0.00 0.00 0.01 0.00 0.00 n/a 5.74 14.00 
FF: EHV-030 480 0.03 1.51 0.07 0.09 0.53 0.00 1.15 0.00 0.00 0.00 0.02 0.01 0.01 0.00 n/a 15.32 14.00 
FF: EHV-030 481 0.03 2.77 0.08 0.01 0.93 0.03 1.97 0.02 0.00 0.00 0.00 0.02 0.00 0.00 n/a 6.39 14.00 
FF: EHV-030 482 0.04 2.78 0.05 0.01 0.88 0.01 2.02 0.01 0.01 0.00 0.00 0.01 0.00 0.00 n/a 6.31 14.00 
FF: EHV-030 483 0.03 2.79 0.06 0.00 0.87 0.01 1.93 0.01 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.79 14.00 
FF: EHV-030 484 0.05 2.75 0.12 0.01 0.88 0.02 1.91 0.04 0.01 0.00 0.00 0.02 0.00 0.00 n/a 6.73 14.00 
FF: EHV-030 486 0.01 2.51 0.08 0.50 0.78 0.04 1.63 0.05 0.04 0.00 0.01 0.03 0.00 0.00 n/a 7.15 14.00 
FF: EHV-030 487 0.01 2.75 0.09 0.01 0.86 0.03 1.96 0.03 0.01 0.00 0.00 0.03 0.00 0.00 n/a 6.44 14.00 
FF: EHV-030 488 0.05 2.92 0.06 0.01 0.86 0.01 2.02 0.01 0.01 0.00 0.00 0.02 0.00 0.00 n/a 5.84 14.00 
FF: EHV-030 489 0.01 2.66 0.05 0.02 0.88 0.01 1.84 0.02 0.02 0.00 0.00 0.02 0.00 0.00 n/a 7.66 14.00 
FF: EHV-030 490 0.03 2.77 0.12 0.46 0.90 0.02 2.07 0.03 0.01 0.00 0.00 0.01 0.00 0.00 n/a 3.84 14.00 
FF: EHV-030 491 0.12 2.48 0.11 0.04 0.86 0.02 1.82 0.01 0.01 0.00 0.01 0.01 0.01 0.00 n/a 7.99 14.00 
FF: EHV-030 492 0.03 2.74 0.07 0.02 0.87 0.00 1.92 0.01 0.00 0.00 0.00 0.01 0.00 0.00 n/a 7.05 14.00 
FF: EHV-030 493 0.02 2.74 0.09 0.03 0.92 0.01 1.91 0.00 0.00 0.00 0.01 0.01 0.00 0.00 n/a 6.93 14.00 
FF: EHV-030 495 0.02 2.38 0.08 0.01 0.76 0.03 1.75 0.01 0.00 0.00 0.00 0.02 0.00 0.00 n/a 9.06 14.00 













































FF: EHV-030 497 0.01 2.71 0.06 0.01 0.92 0.03 1.93 0.01 0.02 0.00 0.00 0.01 0.00 0.00 n/a 6.86 14.00 
FF: EHV-030 498 0.03 2.80 0.05 0.01 0.85 0.01 1.94 0.02 0.01 0.00 0.00 0.01 0.00 0.00 n/a 6.77 14.00 
FF: EHV-030 499 0.02 2.62 0.07 0.01 0.79 0.02 1.92 0.03 0.01 0.00 0.00 0.02 0.00 0.00 n/a 7.31 14.00 
FF: EHV-030 500 0.04 2.59 0.06 0.04 0.72 0.02 1.71 0.02 0.01 0.00 0.00 0.02 0.00 0.00 n/a 8.64 14.00 
FF: EHV-030 503 0.01 2.31 0.06 0.02 0.74 0.02 1.56 0.01 0.00 0.00 0.00 0.01 0.00 0.00 n/a 10.52 14.00 
FF: EHV-030 504 0.03 2.77 0.07 0.03 0.89 0.02 1.99 0.02 0.01 0.00 0.00 0.02 0.00 0.00 n/a 6.28 14.00 
FF: EHV-030 506 0.05 2.81 0.06 0.03 0.80 0.02 1.89 0.02 0.01 0.00 0.00 0.01 0.00 0.00 n/a 6.90 14.00 
FF: EHV-030 507 0.00 2.81 0.07 0.01 0.92 0.03 1.93 0.04 0.03 0.00 0.00 0.02 0.00 0.00 n/a 6.45 14.00 
FF: EHV-030 508 0.03 2.81 0.13 0.01 0.86 0.04 1.94 0.05 0.02 0.00 0.00 0.04 0.00 0.01 n/a 6.11 14.00 
FF: EHV-030 509 0.04 2.77 0.04 0.05 0.85 0.01 1.99 0.02 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.41 14.00 
FF: EHV-030 513 0.02 2.75 0.09 0.00 0.86 0.03 2.04 0.02 0.00 0.00 0.00 0.02 0.00 0.00 n/a 6.11 14.00 
FF: EHV-030 514 0.07 2.73 0.10 0.01 0.87 0.01 1.93 0.01 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.86 14.00 
FF: EHV-030 515 0.02 2.81 0.06 0.01 0.91 0.01 2.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 n/a 6.34 14.00 
FF: EHV-030 516 0.01 3.31 0.10 0.05 0.49 0.02 1.99 0.04 0.01 0.00 0.00 0.03 0.00 0.00 n/a 4.84 14.00 
FF: EHV-031 98 0.02 0.02 0.03 0.03 0.03 0.07 0.09 0.03 0.09 0.01 0.05 0.11 0.00 0.00 0.00 6.17 14.00 
FF: EHV-031 99 0.02 0.02 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 6.58 14.00 
FF: EHV-031 100 0.02 0.03 0.03 0.03 0.03 0.07 0.09 0.03 0.09 0.02 0.06 0.11 0.00 0.00 0.00 6.36 14.00 
FF: EHV-031 101 0.02 0.03 0.03 0.03 0.02 0.07 0.09 0.03 0.09 0.02 0.06 0.11 0.00 0.00 0.00 5.60 14.00 
FF: EHV-031 102 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.11 0.00 0.00 0.00 6.22 14.00 
FF: EHV-031 103 0.02 0.02 0.03 0.03 0.02 0.07 0.09 0.03 0.09 0.02 0.06 0.12 0.00 0.00 0.00 6.43 14.00 
FF: EHV-031 104 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.01 0.05 0.11 0.00 0.00 0.00 5.18 14.00 
FF: EHV-031 105 0.02 0.02 0.03 0.03 0.02 0.07 0.10 0.03 0.09 0.02 0.05 0.12 0.00 0.00 0.00 5.62 14.00 
FF: EHV-031 106 0.02 0.03 0.03 0.03 0.02 0.06 0.09 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 6.02 14.00 
FF: EHV-031 107 0.02 0.02 0.03 0.03 0.03 0.07 0.09 0.03 0.09 0.01 0.06 0.11 0.00 0.00 0.00 6.35 14.00 
FF: EHV-031 108 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.02 0.05 0.12 0.00 0.00 0.00 1.99 14.00 
FF: EHV-031 110 0.02 0.02 0.03 0.03 0.03 0.07 0.11 0.03 0.10 0.02 0.06 0.11 0.00 0.00 0.00 6.62 14.00 
FF: EHV-031 111 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.12 0.00 0.00 0.00 7.26 14.00 
FF: EHV-031 112 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.11 0.00 0.00 0.00 7.79 14.00 
FF: EHV-031 113 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 6.80 14.00 













































EE: EHV-066 118 0.09 2.47 0.10 0.00 0.83 0.01 1.94 0.02 0.01 0.00 0.00 0.01 0.00 0.00 0.00 7.55 14.00 
EE: EHV-066 119 0.04 2.30 0.19 0.00 0.70 0.06 1.69 0.07 0.10 0.00 0.00 0.01 0.00 0.00 0.00 8.95 14.00 
EE: EHV-066 120 0.02 2.40 0.06 0.00 0.80 0.02 1.82 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.71 14.00 
EE: EHV-066 121 0.03 2.46 0.16 0.00 0.86 0.04 1.78 0.03 0.05 0.00 0.00 0.01 0.00 0.00 0.00 8.13 14.00 
EE: EHV-066 122 0.01 1.89 0.13 0.00 0.71 0.05 1.52 0.10 0.08 0.00 0.00 0.01 0.00 0.00 0.00 11.36 14.00 
EE: EHV-066 123 0.01 2.57 0.09 0.00 0.84 0.02 1.86 0.08 0.02 0.00 0.00 0.02 0.00 0.00 0.00 7.59 14.00 
EE: EHV-066 124 0.01 2.50 0.13 0.00 0.81 0.03 1.71 0.12 0.10 0.00 0.00 0.01 0.00 0.00 0.00 8.31 14.00 
EE: EHV-066 125 0.00 2.45 0.12 0.00 0.83 0.04 1.78 0.11 0.10 0.00 0.00 0.01 0.00 0.00 0.00 8.02 14.00 
EE: EHV-066 126 0.01 2.46 0.16 0.00 0.69 0.07 1.69 0.14 0.18 0.00 0.00 0.01 0.00 0.01 0.00 8.12 14.00 
EE: EHV-066 127 0.00 2.33 0.16 0.00 0.66 0.07 1.60 0.19 0.21 0.00 0.00 0.01 0.00 0.00 0.00 8.93 14.00 
EE: EHV-066 128 0.01 2.56 0.24 0.00 0.62 0.18 1.65 0.14 0.28 0.00 0.00 0.01 0.00 0.00 0.00 7.16 14.00 
EE: EHV-066 129 0.03 2.63 0.21 0.00 0.78 0.07 1.87 0.10 0.13 0.00 0.00 0.01 0.00 0.00 0.00 6.51 14.00 
EE: EHV-066 130 0.01 2.59 0.15 0.05 0.74 0.06 1.84 0.11 0.13 0.00 0.00 0.01 0.00 0.00 0.00 6.88 14.00 
EE: EHV-066 131 0.02 2.58 0.14 0.00 0.81 0.06 1.81 0.07 0.10 0.00 0.00 0.02 0.00 0.00 0.00 7.35 14.00 
EE: EHV-066 132 0.04 2.66 0.17 0.00 0.86 0.01 1.89 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.19 14.00 
EE: EHV-066 133 0.06 2.73 0.15 0.00 0.94 0.01 1.99 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.30 14.00 
EE: EHV-066 134 0.02 2.73 0.14 0.00 0.79 0.07 1.76 0.11 0.15 0.00 0.00 0.01 0.00 0.00 0.00 7.03 14.00 
EE: EHV-066 135 0.06 2.64 0.10 0.00 0.84 0.01 2.00 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 6.74 14.00 
EE: EHV-066 136 0.01 2.72 0.12 0.00 0.75 0.05 1.86 0.14 0.15 0.00 0.00 0.00 0.00 0.00 0.00 6.59 14.00 
EE: EHV-066 137 0.01 2.71 0.17 0.00 0.86 0.08 1.86 0.11 0.15 0.00 0.00 0.01 0.00 0.00 0.01 6.29 14.00 
EE: EHV-066 138 0.06 2.85 0.13 0.00 0.93 0.01 2.01 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 5.85 14.00 
AA: EHV-075 210 0.02 0.02 0.03 0.03 0.02 0.07 0.09 0.03 0.09 0.01 0.05 0.11 0.00 0.00 0.00 7.42 14.00 
AA: EHV-075 211 0.02 0.02 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 8.37 14.00 
AA: EHV-075 212 0.02 0.02 0.03 0.03 0.03 0.07 0.09 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 7.02 14.00 
AA: EHV-075 213 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.02 0.06 0.11 0.00 0.00 0.00 6.38 14.00 
AA: EHV-075 214 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.01 0.05 0.11 0.00 0.00 0.00 6.18 14.00 
AA: EHV-075 215 0.02 0.02 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.01 0.05 0.12 0.00 0.00 0.00 6.49 14.00 
AA: EHV-075 222 0.02 0.03 0.03 0.03 0.02 0.07 0.10 0.03 0.09 0.02 0.06 0.11 0.00 0.00 0.00 6.55 14.00 
AA: EHV-075 223 0.02 0.03 0.03 0.03 0.03 0.07 0.09 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 6.89 14.00 













































AA: EHV-075 225 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.02 0.05 0.12 0.00 0.00 0.00 5.80 14.00 
AA: EHV-090 168 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.11 0.00 0.00 0.01 6.47 14.00 
AA: EHV-090 169 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.12 0.00 0.00 0.00 8.13 14.00 
AA: EHV-090 170 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 7.88 14.00 
AA: EHV-090 171 0.02 0.03 0.03 0.03 0.03 0.07 0.11 0.03 0.09 0.02 0.06 0.12 0.00 0.00 0.00 7.72 14.00 
AA: EHV-090 172 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 8.09 14.00 
AA: EHV-090 173 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.12 0.00 0.00 0.00 7.01 14.00 
AA: EHV-090 174 0.02 0.03 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.02 0.06 0.13 0.00 0.00 0.00 7.54 14.00 
AA: EHV-090 175 0.02 0.02 0.03 0.03 0.02 0.07 0.10 0.03 0.09 0.02 0.05 0.12 0.00 0.00 0.00 7.23 14.00 
AA: EHV-090 176 0.02 0.02 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 8.39 14.00 
AA: EHV-090 177 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.02 0.05 0.11 0.00 0.00 0.00 7.34 14.00 
AA: EHV-090 178 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 7.31 14.00 
AA: EHV-090 179 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 6.92 14.00 
AA: EHV-090 180 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.01 0.00 7.12 14.00 
AA: EHV-090 181 0.02 0.03 0.03 0.03 0.03 0.07 0.11 0.03 0.10 0.02 0.06 0.12 0.00 0.02 0.00 7.28 14.00 
AA: EHV-090 182 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.02 0.05 0.12 0.00 0.01 0.00 7.65 14.00 
AA: EHV-090 183 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 7.23 14.00 
AA: EHV-090 184 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.12 0.00 0.00 0.00 7.75 14.00 
AA: EHV-090 185 0.02 0.03 0.03 0.03 0.02 0.07 0.09 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 7.84 14.00 
AA: EHV-090 186 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.02 0.05 0.12 0.00 0.00 0.00 6.89 14.00 
AA: EHV-090 187 0.02 0.03 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 7.55 14.00 
AA: EHV-090 188 0.02 0.03 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 6.88 14.00 
AA: EHV-090 189 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.06 0.12 0.00 0.00 0.00 7.94 14.00 
AA: EHV-090 190 0.02 0.03 0.03 0.03 0.02 0.07 0.10 0.03 0.10 0.02 0.06 0.11 0.00 0.00 0.00 6.87 14.00 
AA: EHV-090 191 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.11 0.00 0.00 0.00 7.86 14.00 
AA: EHV-090 192 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.10 0.02 0.05 0.12 0.00 0.00 0.00 7.27 14.00 
AA: EHV-090 204 0.02 0.03 0.03 0.03 0.02 0.07 0.10 0.03 0.09 0.01 0.05 0.12 0.00 0.00 0.00 7.95 14.00 
AA: EHV-090 205 0.02 0.02 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.01 0.05 0.11 0.00 0.00 0.00 7.93 14.00 
AA: EHV-090 206 0.02 0.03 0.03 0.03 0.03 0.07 0.10 0.03 0.09 0.02 0.05 0.12 0.00 0.00 0.00 7.30 14.00 













































AA: EHV-105a 92 0.01 0.90 0.03 0.03 0.17 0.01 0.89 0.01 0.01 0.01 0.00 0.02 0.00 0.00 0.00 19.42 14.00 
AA: EHV-105a 93 0.01 2.48 0.12 0.02 0.82 0.02 1.78 0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.00 8.42 14.00 
AA: EHV-105a 94 0.02 1.93 0.10 0.08 0.68 0.01 1.47 0.01 0.02 0.00 0.00 0.02 0.01 0.00 0.00 11.92 14.00 
AA: EHV-106 80 0.09 2.27 0.18 0.10 0.64 0.02 1.66 0.01 0.01 0.00 0.02 0.00 0.02 0.00 0.00 9.37 14.00 
AA: EHV-106 81 0.03 1.82 0.17 0.09 0.70 0.02 1.47 0.03 0.02 0.00 0.03 0.01 0.02 0.01 0.00 11.67 14.00 
AA: EHV-106 82 0.08 2.75 0.12 0.06 0.87 0.02 1.95 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.00 6.34 14.00 
AA: EHV-106 83 0.01 1.89 0.13 0.04 0.60 0.03 1.32 0.05 0.06 0.00 0.01 0.01 0.00 0.01 0.00 12.79 14.00 
AA: EHV-106 84 0.01 0.96 0.07 0.04 0.30 0.01 0.69 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 20.16 14.00 
AA: EHV-106 85 0.03 1.32 0.08 0.02 0.47 0.02 1.04 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 16.74 14.00 
AA: EHV-106 86 0.13 2.94 0.07 0.01 0.81 0.02 2.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.77 14.00 
AA: EHV-106 87 0.02 2.60 0.18 0.02 0.96 0.02 2.00 0.01 0.00 0.00 0.00 0.01 0.00 0.01 0.00 6.41 14.00 
AA: EHV-106 89 0.05 2.87 0.14 0.01 0.86 0.01 2.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.82 14.00 
AA: EHV-106 90 0.09 2.99 0.05 0.04 0.99 0.02 2.01 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.01 5.39 14.00 
AA: EHV-115 139 0.02 2.47 0.11 0.00 0.90 0.03 1.82 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.21 14.00 
AA: EHV-115 140 0.02 2.32 0.07 0.02 0.90 0.02 1.75 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 9.18 14.00 
AA: EHV-115 141 0.02 2.36 0.09 0.00 0.86 0.02 1.77 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00 8.94 14.00 
AA: EHV-115 142 0.02 2.49 0.07 0.00 0.80 0.02 1.86 0.01 0.01 0.00 0.00 0.01 0.00 0.01 0.00 8.18 14.00 
AA: EHV-115 143 0.02 2.45 0.06 0.01 0.84 0.01 1.83 0.01 0.02 0.00 0.00 0.00 0.00 0.01 0.00 8.42 14.00 
AA: EHV-115 144 0.02 2.52 0.08 0.00 0.94 0.02 1.82 0.01 0.02 0.00 0.00 0.01 0.00 0.01 0.00 8.08 14.00 
AA: EHV-115 145 0.02 2.34 0.06 0.00 0.86 0.02 1.71 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 9.55 14.00 
AA: EHV-115 146 0.02 2.46 0.12 0.00 0.83 0.02 1.79 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.47 14.00 
AA: EHV-115 147 0.02 2.62 0.09 0.00 0.90 0.02 1.92 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.00 7.25 14.00 
AA: EHV-115 148 0.02 2.57 0.07 0.00 0.89 0.01 1.85 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 7.95 14.00 
AA: EHV-115 149 0.02 2.51 0.09 0.00 0.91 0.01 1.91 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 7.69 14.00 
AA: EHV-115 150 0.02 2.50 0.09 0.01 0.91 0.02 1.85 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.04 14.00 
AA: EHV-115 151 0.02 2.52 0.10 0.00 0.90 0.02 1.79 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 8.29 14.00 














































FA: EHV-009 250 0.00 2.54 0.10 0.00 0.02 0.98 0.01 1.87 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.43 14.00 
FA: EHV-009 251 0.00 2.48 0.10 0.00 0.02 0.99 0.01 1.88 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.57 14.00 
FA: EHV-009 252 0.00 2.53 0.11 0.00 0.02 0.92 0.01 1.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.54 14.00 
FA: EHV-009 253 0.00 2.54 0.11 0.00 0.03 0.97 0.01 1.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.35 14.00 
FA: EHV-009 254 0.00 2.49 0.12 0.00 0.02 1.11 0.02 1.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.14 14.00 
FA: EHV-009 255 0.00 2.81 0.08 0.00 0.02 1.10 0.01 1.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.06 14.00 
FA: EHV-009 256 0.00 2.56 0.09 0.00 0.02 1.09 0.01 1.82 0.00 0.00 0.00 0.00 0.00 0.00 0.01 9.02 14.00 
FA: EHV-009 257 0.01 2.69 0.12 0.00 0.03 1.38 0.04 1.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 7.58 14.00 
FA: EHV-009 258 0.01 2.49 0.00 0.00 0.08 0.77 0.27 1.46 0.03 0.00 0.00 0.00 0.00 0.00 0.00 10.50 14.00 
FA: EHV-009 259 0.00 2.62 0.00 0.01 0.04 1.19 0.06 1.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.80 14.00 
FA: EHV-009 260 0.01 2.53 0.03 0.00 0.03 1.34 0.05 1.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.96 14.00 
FA: EHV-009 262 0.01 2.54 0.03 0.01 0.44 0.46 0.96 0.87 0.02 0.00 0.00 0.00 0.00 0.00 0.00 9.07 14.00 
FA: EHV-009 283 0.01 2.59 0.02 0.00 0.81 0.03 1.89 0.10 0.04 0.00 0.00 0.00 0.00 0.00 0.00 7.47 14.00 
FA: EHV-009 284 0.01 2.59 0.02 0.00 0.83 0.02 1.89 0.07 0.04 0.00 0.00 0.00 0.00 0.00 0.00 7.59 14.00 
FA: EHV-009 285 0.01 2.55 0.07 0.00 0.02 1.02 0.02 1.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.33 14.00 
FA: EHV-009 286 0.00 2.45 0.09 0.00 0.03 0.91 0.03 1.89 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.95 14.00 
FA: EHV-009 287 14.00 0.00 0.00 2.57 0.08 0.00 0.02 0.94 0.01 1.97 0.01 0.00 0.00 0.00 0.00 0.00 0.00 
FF: EHV-162 426 0.16 0.04 2.76 0.00 1.20 0.01 1.87 0.00 0.01 0.00 0.01 0.00 0.00 0.01 n/a 6.91 14.00 
FF: EHV-162 427 0.12 0.08 2.82 0.00 0.82 0.47 1.67 0.00 0.01 0.00 0.23 0.02 0.01 0.18 n/a 5.10 14.00 
FF: EHV-162 428 0.09 0.07 2.92 0.00 0.66 0.55 1.55 0.00 0.01 0.00 0.26 0.04 0.03 0.21 n/a 5.13 14.00 
FF: EHV-162 429 0.09 0.24 2.54 0.00 0.92 0.13 1.88 0.00 0.01 0.00 0.05 0.01 0.00 0.06 n/a 6.45 14.00 
FF: EHV-162 451 0.12 0.07 2.71 0.03 0.43 0.60 1.45 0.00 0.01 0.00 0.26 0.05 0.03 0.29 n/a 6.01 14.00 
FF: EHV-162 452 0.10 0.07 2.65 0.03 0.49 0.63 1.35 0.00 0.01 0.00 0.35 0.04 0.02 0.20 n/a 6.63 14.00 
FF: EHV-162 453 0.09 0.09 2.79 0.00 0.42 0.75 1.32 0.00 0.01 0.00 0.45 0.04 0.03 0.20 n/a 5.74 14.00 
FF: EHV-162 454 0.10 0.13 2.68 0.00 0.46 0.70 1.35 0.00 0.02 0.00 0.33 0.05 0.03 0.28 n/a 5.99 14.00 
FF: EHV-162 455 0.10 0.07 2.64 0.50 0.54 0.68 1.36 0.00 0.01 0.00 0.39 0.05 0.02 0.19 n/a 4.32 14.00 
FF: EHV-162 456 0.09 0.07 2.63 0.00 0.32 0.76 1.30 0.00 0.01 0.00 0.44 0.06 0.02 0.24 n/a 6.31 14.00 
FF: EHV-162 457 0.10 0.11 2.57 0.25 0.27 0.74 1.26 0.00 0.01 0.00 0.46 0.05 0.02 0.22 n/a 5.85 14.00 
FF: EHV-162 458 0.11 0.04 2.80 0.00 0.79 0.33 1.61 0.00 0.01 0.00 0.12 0.03 0.02 0.19 n/a 6.52 14.00 
FF: EHV-162 459 0.19 0.03 2.66 0.00 1.16 0.01 1.84 0.00 0.01 0.00 0.01 0.01 0.00 0.01 n/a 7.39 14.00 
FF: EHV-162 460 0.15 0.16 2.71 0.00 0.56 0.57 1.51 0.00 0.01 0.00 0.19 0.04 0.02 0.32 n/a 5.59 14.00 
FF: EHV-162 461 0.09 0.16 2.58 0.00 0.34 0.67 1.40 0.00 0.01 0.00 0.30 0.04 0.02 0.28 n/a 6.28 14.00 
FF: EHV-162 462 0.14 0.08 2.14 1.49 0.70 0.09 1.51 0.00 0.01 0.00 0.04 0.00 0.00 0.03 n/a 4.87 14.00 
FF: EHV-162 463 0.14 0.09 3.04 0.52 0.22 0.69 1.39 0.00 0.02 0.00 0.24 0.06 0.03 0.34 n/a 2.99 14.00 
FF: EHV-162 464 0.13 0.02 2.76 0.00 0.24 0.77 1.28 0.00 0.01 0.00 0.30 0.05 0.03 0.35 n/a 6.32 14.00 
FF: EHV-162 465 0.09 0.09 2.70 0.00 0.43 0.69 1.44 0.00 0.01 0.00 0.32 0.05 0.01 0.28 n/a 5.69 14.00 
 215
APPENDIX F 
LA-ICP-MS DATA FOR JAROSITE AND ASSOCIATED PHASES 
 
Sample Mineral   Na Mg Al Si P K Ca Mn Cu As Se Rb Sr Ag 
   ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
    d.l. 26.90 18.71 625.97 6426.25 1033.38 193.32 7918.69 83.57 14.57 15.48 35.95 2.10 1.09 0.98 
EHV-009 jarosite  234 40 649  2767 75518    7827  35.66 152  
EHV-009 jarosite  343 92 3661  4862 81636  135  7042  12.49 858  
EHV-009 jarosite  268 36 1388  4518 77505    8023  30.82 268  
EHV-009 jarosite  350 47 1231  2889 77846  138  8615  28.42 351  
EHV-009 crandallite  91 21 4897  59691 380    178689   5  
EHV-009 crandallite  104  8922  71322 621  93  173864     
EHV-031 jarosite  822    2253 75892    1351  52.21 150  
EHV-031 jarosite  1625    1395 73313    1608  73.43 119  
EHV-031 jarosite  598  1041  1054 81558    685  5.69 31  
EHV-031 jarosite  1903    2041 73409    1749  87.17 122  
EHV-031 jarosite  1174    1573 75464    1234  54.92 170  
EHV-066 jarosite  612  6830  2834 76621    12815  30.95 400  
EHV-066 jarosite  1410  7029  2610 79820    7953  56.30 491  
EHV-066 jarosite  1096  7166  3496 77121    10665  50.99 535  
EHV-066 jarosite  1077  6091  2554 78967    7330  55.39 578  
EHV-066 jarosite  461  9411  4453 71451    16575  19.04 358  
EHV-066 jarosite  1037  6622  2590 77228    9597  39.57 468  
EHV-066 jarosite  763  7899  3638 72368    13310  25.50 357  
EHV-090 jarosite  92  7198   85231   1340 6635  4.73 813 3.27 
EHV-090 jarosite  114  9623   86940   366 5054  8.25 519 2.33 
EHV-090 jarosite  92  5631  1190 82270   269 3079  6.28 416  
EHV-090 jarosite  269  6382   82766   205 2436  6.08 371 3.79 
EHV-090 jarosite  121  8786   87328   975 4054  7.15 464 9.94 
EHV-090 jarosite  798  4613 15406  84438   1678 4642  14.89 594 213.43 
EHV-090 jarosite  499  6689   81848   1445 4411  8.73 490 173.32 
EHV-090 jarosite  140  7930 6543  83599   647 3304  4.84 414 7.59 
EHV-090 jarosite  259  8208   82237   1042 4255  5.59 436 68.01 
EHV-090 Ag-Hg Se  37  1828   79643   3191 1144 487 11.87 202 11583.72 
EHV-090 jarosite  79  1539   83810   2512 1732  12.84 256 8.94 






Sample Mineral   Na Mg Al Si P K Ca Mn Cu As Se Rb Sr Ag 
   ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
    d.l. 26.90 18.71 625.97 6426.25 1033.38 193.32 7918.69 83.57 14.57 15.48 35.95 2.10 1.09 0.98 
EHV-105a jarosite  944  12788 7166 1317 88202   66 3116  25.67 482 21.02 
EHV-105a jarosite  4917  2504 8490 1997 75190    2542  107.31 598 176.44 
EHV-105a jarosite  1416  3398  2201 79924    3133  68.24 455 136.53 
EHV-105a jarosite  1088  2673  1554 83204   29 3332  54.00 394 103.78 
EHV-105a jarosite  2867  11108  2474 82793  86 47 3244  53.41 661 81.09 
EHV-105a jarosite  3557  3629  2446 76134   26 3007  119.19 638 153.35 
EHV-105a jarosite  2386  10976  2512 85265   46 3291  57.91 729 74.89 
EHV-106 jarosite  5636 46 2138  1252 75326    2572  104.14 717 760.31 
EHV-106 jarosite  4556 70 2577 8705 1456 74726   21 3051  100.65 605 467.87 
EHV-106 jarosite  4157  2537 7434 1596 74627    2723  101.60 729 1111.14 
EHV-106 jarosite  6331 270 3237  1565 74257   74 2901  104.35 853 949.36 
EHV-106 jarosite  816  6374  1073 77758   36 4318  17.18 700 66.43 
EHV-106 jarosite  4503 21 3150  1802 72043   27 2541  85.82 669 1016.33 
EHV-106 jarosite  3204 20 2608 13304 1600 76388    2328  66.90 615 485.33 
EHV-106 jarosite  3805 27 3289  1449 75067   29 3018  71.18 662 394.12 
EHV-106 jarosite  1541  6154 397878  89874  258 99 3443  23.83 731 54.18 







Sample Mineral   Cs Ba La Ce Pr Nd143 Nd146 Hg Tl Pb Bi Th 
   ppm ppm ppm ppm ppm ppm ppm % rel ppm ppm ppm ppm 
    d.l. 0.66 4.63 0.42 0.35 0.37 4.26 2.01   0.58 4.50 0.81 0.80 
EHV-009 jarosite  0.661 676 4.4 1.9 0.392    5.08 19282  16 
EHV-009 jarosite   5523 26.9 22.0 0.991  2.46  0.60 6375  48 
EHV-009 jarosite   1444 9.6 6.7 0.375    4.09 20229  31 
EHV-009 jarosite   1573 12.4 9.9 0.688    3.35 12436  19 
EHV-009 crandallite   23        34  20 
EHV-009 crandallite           112  11 
EHV-031 jarosite   614 2.1      26 609 1.53 3.55 
EHV-031 jarosite   670 1.7      41 591  1.71 
EHV-031 jarosite   2097       17 1839  1.14 
EHV-031 jarosite   475 2.0      50 631 1.47 1.00 
EHV-031 jarosite   894 2.3 0.5     35 821 2.54 4.26 
EHV-066 jarosite   2156 3.1 1.0     5.24 50342 91  
EHV-066 jarosite   2790 4.8 1.9     14 29629 18  
EHV-066 jarosite   2096 5.8 2.6     15 50043 47  
EHV-066 jarosite   2185 11.3 3.0     17 35340 20 0.99 
EHV-066 jarosite   2090 5.6 2.9     3.61 71754 44 1.00 
EHV-066 jarosite   2673 5.8 2.4     11 33165 13  
EHV-066 jarosite   2249 4.0 2.4     4.89 61254 40  
EHV-090 jarosite   1443 7.9 5.3     4.35 247 101  
EHV-090 jarosite   1976 12.2 4.8 0.389    5.43 1846 914 1.36 
EHV-090 jarosite   1558 14.6 3.4     5.65 3458 1529 1.24 
EHV-090 jarosite   2235 3.6 0.8     8.06 1041 855 0.98 
EHV-090 jarosite   1879 4.4 1.5     3.77 385 107  
EHV-090 jarosite  1.237 2225 5.0 3.1     6.05 147 52 1.09 
EHV-090 jarosite   1856 3.0 1.9     6.99 111 39  
EHV-090 jarosite   1722 4.1 1.6     5.69 362 244  
EHV-090 jarosite   1699 4.5 1.4     5.29 102 53  
EHV-090 Ag-Hg Se   57 3.3 1.5    10235 6.25 59 410 5.22 
EHV-090 jarosite   63 5.3 1.5     5.62 109 221 1.72 









Sample Mineral   Cs133 Ba137 La139 Ce140 Pr141 Nd143 Nd146 Hg202 Tl205 Pb208 Bi209 Th232 
   ppm ppm ppm ppm ppm ppm ppm % rel ppm ppm ppm ppm 
    d.l. 0.66 4.63 0.42 0.35 0.37 4.26 2.01   0.58 4.50 0.81 0.80 
EHV-105a jarosite   6083 10.9 3.6     14 6623 1647 10 
EHV-105a jarosite   3990 3.5 2.0     76 5181 2905 6.27 
EHV-105a jarosite   3231 2.2 0.9     39 9792 2482 2.54 
EHV-105a jarosite   2617 2.3 0.7     34 12389 1579 1.42 
EHV-105a jarosite   5479 8.0 3.3     30 9181 3965 5.89 
EHV-105a jarosite   4710 5.7 2.0     62 6491 2783 15 
EHV-105a jarosite   5189 8.9 3.2     29 9552 4581 3.64 
EHV-106 jarosite  0.698 1038 3.3 1.2     52 3846 1859 0.82 
EHV-106 jarosite  0.845 1050 5.7 1.2     40 4703 1729 2.28 
EHV-106 jarosite   1690 2.9 1.1     58 3289 1484 2.97 
EHV-106 jarosite   1715 6.2 2.2     52 5372 1645 2.41 
EHV-106 jarosite   1843 6.9 2.7     4.90 13260 1324 2.05 
EHV-106 jarosite   1452 6.8 2.1     47 4022 1758 1.78 
EHV-106 jarosite   1305 4.9 1.6     39 2534 1676 1.86 
EHV-106 jarosite   1480 6.7 1.6     36 6361 1784 1.45 
EHV-106 jarosite  3.624 2281 1.7 1.7 3.170 14 9 384 14 6539 1874 4.28 
EHV-106 jarosite     1102 3.0 1.0         45 2989 1982 1.96 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
